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A DESCRIPTION of an AIR-PUMP of a NEW 
C O N S T R U C T I O N, nvitb an KQ.QO\5^i: of its 
PERFORMANCE, and of fome EXPERIMENTS and 
OBSERVATIONS tending to afcertain the CIRCUM- 
STANCES on which the PERFECTION of that 
yiKOVLl^'^ depends, and to render its THEORY mor^ 
compleat. By the Rev. JAMES LITTLE of Ijuken 
in the County of Mayo. 



X HE many difcovcrics which have done honour to the cxer- Read Dec. 
tions of the elcdricians and chemifts, even fince the middle of '7thi79^. 
this century, encourage us to hope that their labours will not 
ti&rminate 'till they become the means of affi)rding to pofterity 
a more extenfive knowledge of the latent principles and powers 
of nature, and confequently a more devout convidion of the 
wifdom of its great Creator, than there was any profped of in 
the preceding age. Such knowledge of the works of God, fought 
out of all them that have pleafure therein, and affording unex- 
pcdcd advantages to human life, is the refult of experimental 
enquiry j and experiments cannot be made without proper inftru- 

ments 
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ments and machines* Of thefc, none has opened a wider field 
of enquiry in natural philofophy than the air-pump; and I 
am inclined to think, that this inflrument has not yet afforded 
all the fervices of which it is capable, when I confider that air 
is fo large a component part of moft bodies, that fince many 
kinds of air are compounded of other aeriform fluids, and aflume 
different qualities according to the varieties of their combination, 
thefe component fluids would in many experiments be with moft 
advantage united in vatuo ; and alfo that fomc eledrical expe- 
riments not only require a vacuum, but alfo one of the mofl 
perfect kind. 

With a view to this latter circumflance folely, fo long ago 
as the year 1776, I fet about contriving an air-pump which 
ihould be fimple in its conflrudion and yet exhaufl more per- 
fedly than thofe of the common form j and in 1778 I made one 
(the barrel of which was of pewter metal) on the principle, 
which, I was fatisfied from the following theory, was the mofl 
effential, of leaving as little air as pofTible under the pifton 
when put down to the bottom of the barrel ; and the perform- 
ance of this machine was fo excellent ms to induce me to fabri- 
cate a larger and more perfed one of the fame conflrudion, and 
made in brafs-metal, which I had executed (in the country) in 
the year 1785; but not finding it to perform as well as I had 
cxpeded, I devifed an alteration and improvement in it, which 
1 had almofl finiftied the workmanfhip of in 1788, being that 

which 
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which is here defcribed ; and from that time *till the laft fum- 
mer (1785) it lay by me negledled, bad health, &c. diverting 
my attention from it ; fot the whole of it, except the forging 
the iron-work, was made by niyfeTf without affiftance. At 
length, being loth to lofe my labour, T put the laft hand to it. 
Before it was finifhed, I was acquainted with the conftrudlion of 
Mr. Smeaton's air pump, with its improvements, but had not 
heard of Mr. Cuthbertfon's ; which, as well as Mr. Sineaton's, 
I find is conceived on the fame principle with mine, yet the ap- 
f3»lication of that principle in the machine here defcribed, being 
exhibited in a much more fimple conftrudion, it will I am 
perfuaded be found to perform better and with more certainty 
than the former, on which perfuaiRon only I am induced to 
publifh it. The reader will eafily underftand what is hcreaftef 
faid of its theory, after he has confidered its conftrudion. 

The principal parts of it are one barrel and pifton, one 
ftdp-cock, oiie valve, and tWo pipes af communication. 

N. B, The pump here defcribed is a portable one, and fo 
contrived as to be confined in a very fmall fpace; but it may 
be made of a different form, and with two barrels, though not 
conveniently. 

Fig. I. is a per{pe<5live view of the whole machine as it lies 
before the operator. Fig. a. is a back view of the fame. 

Vol. VL S s The 



[ 322 ] 

The barrel A A, (fig, i.) is almoft fifteen inches long, and 

internally in diameter jnft two inches ; it is moft perfedlly 

cylindrical, and polifhed like a looking-glafs within. The pifton 

(fig. 3.) is folid, without any perforation; it confifts of circular 

plates of leather prefled together between the round plate ay 

(in the focket of which b^ the pifton rod was inferted and 

fattened by a crofs fcrew, before the leathers were put on) 

and the two upper plates c and d ; of which the outer one 

dy being fcrewed upon a Icrew formed on the outfide of the 

focket, prefles down the under plate, and thi^ the leathers, 

which latter are riot reprefeflted in the figure. The upper plate, 

when fcrewed ou, lies even with the upper part of the focket, 

that, when the pifton is raifed to the top, it may touch the 

plate covering the upper part of the barrel, leaving no air 

above the pifton. Thefe two plates of the pifton, efpecially 

the lower one, arc made fo large as juft to move in the barrel 

without touching it, and care was taken that when the pifton 

is put down, it fliould be every where in contad: with the 

plate at the bottom of the barrel, this plate being turned in 

the lathe upon the pifton rod which fitted its focket exa<5tly, 

fo that not the leaft fpace might be left for lodgment of air 

iinder the pifton. The leathers are of the beft bufck-£kin, 

dreffed in the ufual manner, firm in its texture, but not harflij 

and being well dried, were foaked in a mixture of three parts 

fuet nielted with one part oil^ before they were put together : 

they 
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they were then, when cold, turned in a lathe on the pifton, 
with a very Iharp tool*. 

The iron rod of the pifton is -W^^^s of an inch in diameter, 
exadly cylindrical, and very fmoothly polifhed ; it moves 
through a collar of leathers (the fame kind as thofe of the 
pifton) enclofed in the brafs box C, the lower plate of which 
is fixed on the top of the barrel by the four fcrews 4, 4, 
pafled through the broad jw-ominent rim of it ; and the plate 
was fo well adapted to the top of the barrel, by grinding it 
on it with a circular motion, as to require only the interpo- 
fition of a little ftiflf ointment to make the joining air-faft. 
A cover is, in the fame manner, adapted by three fcrews to 
the proje6ling rim of the box containing the collar of leathers, 
in the middle of which cover is fixed the focket or collar E, 
above an inch long, through which the pifton rod moves. 
As it is altogether neceflary that this rod fhould move moft 

S s 2 cxadly 

• If tanned leather were ufed for the pifton, &c. it might be foaked in oil 
alone ; but befides that it is apt to grow too hard by compreffion, and alfo to cor- 
rode the brafs of the barrel more from the acid imparted by the bark with which 
it is tanned, it alfo emits a greater quantity of elaftic fluid in vac\xo than leather 
which is not tanned. On thefe accounts I have ufed buck-flcin leather for the 
pifton, but the texture of this being very loofe, oil only would not fill its pores 
fo as to make the pifton air-tight, even when the leathers were clofely prefled ; 
and it was neccflfary to fill its grain with the above ftiffer compofition. Yet this 
leather will alfo generate air, and is harder to be made air-faft ; it alfo moves fo 
ftiffly in the barrel that perhaps good (hoe-leather is preferable to it. 
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exad^ly in the middle or axis of the barrel, care was taken 
that the pofition of the box, and of the fbcket annexed to it, 
Ihould be fecured, by having a prominent part of the plate 
of the box of leathers inferted into the pump barrel, and a 
like projedling part of the Hd of the box inferted into the box 
itfelf ; alfo that the pifton rod Ihould moft exa<flly fill the 
focket in the lid Over the collar of leathers, within the box, 
lies a tinned brafs plate, which is prelTed down upon them 
by the ends of three fcrews 3, 3, fcrewed through the lid of 
the box. 

The pifton is moved up and down by the toothed flat bar 
or rack F, whofe end is furnifhed with an arm G, (to be 
taken off occafionally) which arm is fecured againft a flioulder 
formed on the end of the pifton rod, by a nut H fcrewed on 
the rod J the rack is moved by a fmall fteel wheel L, one 
inch and -/^ in diameter, having tv^elye teeth, and which i* 
turned by the handle X fixed on its axis L, This wheel is 
fuftained by the cheeks K, K, fig. i. & a. furnifhed with 
projedling fockets, through which its axis pafTes. Thefe cheeks 
are fcrewed to the iron bar M, which is a p^rt of the frame 
fupporting the whole machine ; by this bar it is faftened 
by clamps to whatever table it is placed on From the 
middle of the bar, and at right angles with it, extends ho-, 
rizontally an arm N, (rivctted and brazed upon the bar) the 

under 
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under furface of the arm being on a level with the upper 
one of the bar; this arm fupports the gage glafs Y» and ter- 
minates in a crofs piece (making together the form of the 
letter T) to which piece and to the arm, the receiver-plate is^ 
fcrewed by fcrews underneath, inferted into its thick margin. 

The bar M fupports the upright pieces or pillars o, o, 
terminating in the femicircidar arms p, p, on which the bar- 
rel is fattened by four fcrews at p, p, fcrewed a little way 
into its projeding rings. Thefe pillars are made of iron, and 
T^y ftrong, being half an inch in thicknefs ; they are alfo 
napflr firmly fixed, and Ihould be brazed in the bar which fup- 
ports them ; this being neceffary, as all the force of the handle 
of the wheel, by which the rack is worked, bears againft thefe 
pillars ; and, if they were to be fhaken, the cement by which 
the receiver pipe is conne<Sled wi^ the pump would be broken^ 
which capnot otherwife happen* The pillars fupport alfo the 
iron cafe or Ih^th P P, extended underneath the pump barrel, 
within which cafe Aides the toothed bar or rack F, moved by 
the wheel, and this r^ck (with its cafe) is fixed exaftly pa- 
rallel to the axis of the cylinder, that it may draw out the 
pifton rod precifeJy in that diredlion in which itfelf moves : 
the bar is -^^V of an inch in thicknefs, but is an inch in 
breadth from the bottom of its teeth to the back of it. It 
is made thus ftrong that the end of it may not be ftrained 

upward 
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Upward from the proper diredlion, when it is urged forward 
by the wheel, and yet checked by the pifton rod after the pif- 
ton is raifcd to the top of the barrel. To confine the rack 
in the true line of its motion, it is made perfedlly ftraight 
and of the fame dimenfions in its whole length, and its cafe 
the fame, fo as to fit each other moft exactly, that it may be 
kept in its due pofition when the greateft part of it is drawn 
out of the cafe ; for which purpofe alfo it is made, (as like- 
wife the cafe) fo much longer at either end than the part 
neceflary to be toothed, as to permit a great part of it to re- 
main in the cafe when the piflon rod is drawn out to its 
utmoft extent : accordingly, in this pump, it adls in this refpedl 
a6 well as could be wiflied *. A notch is cut out of the cafe 
at I, to allow the teeth of the wheel to take into thofe of 
the rack ; and to keep the cafe firmly in its place, little notches 
are cut in the upper edge of it, into which the contiguous 
parts of the pillars are let, and it is fecured fo by wedges 
2, 2, underneath. It will be known that the cafe of the 
rack has its due pofition when, the arm G being taken oflF, 
both the rack and the piilon rod, pulled out to their limit, 

are 

♦ By this contrivance of fixing the barrel of the pump horizontal and its rack 
underneath the barrel, it is made fo portable that I have packed it (the gage glafs 
and receiver being taken off) in a box two feet long, eighteen inches wide and feven 
in depth; and it ftiould be remembered, that the moft operofe parts of it here 
defcribed are t!ie frame and machinery neceflary to render a pump with fo long a 
cylinder portable ; a great part of which machinery, if it were not portable, would 
not be fparcd, but merely exchanged for the huge frame of thofe fo conftrufted. 



are found to be parallel. The pillars are made as (hort as 
poffiblc ; to favour which, the frame M has a furrow cut in 
the middle of it under the wheel I, to let the teeth of the 
wheel defcend almoft to the table on which the machine refts \ 
and the pump barrel is placed as near as may be to the 
rack. 

On the upper part of the box containing the collar of leathers, 
is a projeding part of the metal, in the fhape of a cube, forming a 
little pedeftal Q^: on this is placed the valve f j from beneath 
w^hich defccnds a ftraight dud into the barrel without penetrating 
the box : the form of the parts of this valve (all made of brafs 
and of the fize of the originals belonging to the pump) is re- 
prefentcd in fig. 4. in a vertical fedion. A A is a fquare plate 
(to be taken off, if it fliould require to be ground and poliftied 
anew in contad with the valve ;) which is faftcned on the pedef- 
tal with cement ; it has a hole in the middle, being the open- 
ing of the dud, in which is infcrted the little elevated pipe r, 
to be occafionally taken out j whofe ufc is, to prevent the oil 
applied to the valve from being blown down into the dud, by 
the air rufhing into the barrel : the elevated part of the plate 
a a \% circular, and has its upper furface made plane and pa- 
liflied, on which refts the valve D; which is fo far hollowed 
within, that only its lower edge, being about y'-^h of an inch 
thick, (which is alfo well polifhed) may be in contad with the 
plate under it, and alfo that its cayity may rife above the little 

pipe : 
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pipe : the valve is alnpoft cylindrical, tapering btit a little fr6m 
the bafe upward, and being laid on the plate with a fmall drop 
of oil iriterpofed, the hollow cylindrical cap E, very littte wider 
intemally than the valve, is put over it, being faflcned down 
on the projeding circular part of the plate a a. To let the 
air pafs through this cap, three little holes ^, e are made in its 
fides, the centers of which are juft as high as the lower edge 
of the valve D, when it is raifed to touch the tdp of the cap ; 
the holes being higher than the plate under the valve, that the 
oil may not run out by them. When this valve is found to 
admit air into the barrel, it is occafioned either by the oil^s be- 
ing blown away, or fome particle of Auft, &c. getting betwefen 
it and the plate, (which would produce the fame cfFed in ally 
valve) and is remedied by taking it off, wiping it clean and 
applying another drop of oil : the greater the qtiantity of air is, 
which paffes by the valve, the more is the oil dilfipated, and 
confequently this chiefly happens in the begi'nning of the ex- 
hauftion, when much air is drawn from tihe receiver, and thtoWn 
out of the barrel at each ftroke ; fo that whenever great rare- 
fadion is requifite, I often found it convenient towards the end 
of the operation to apply a frefti drop of oil to the valve, keeping 
the pifton in the mean time elevated to the top of the barrel 
whilft the valve is taken off, until it be replaced ; which is 
done in an inftarit : thus it will perform perfedly well, if quite 
clean and free from duft ; but as the fmalleft particle of dirt 
or mucus (which is apt to be produced from the oil's corroding 

the 
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the brafs and becoming clammy) wHl tender tHe valve not air- 
tighx, I am therefore perf^aded that no valve will fo pcrfedly 
or certainly -exclude air as a Hop-cock ; and this I take to be 
the chief reafon why Mr. Smeaton's pump, as improved by MeffrSi 
Kaas's and HuJvters contrivance for raifing the valve at the 
Bojttom pf the barrel^ doe<j not in pradice anfwer as well as 
any other : for if fome air did not return into the receiver by 
that ygil, ve, in pun^ps on his conflru<9:iQn^ it would be bard to 
tell why it fhpuld AQl fiarform as well as a pump of any other 
oonftru4iion. 

Tp^the bcrttom of tiie barrel is feftened, by four Icrews paffcd 
through its prominent Tim^ the circular plate R, forming, in part^ 
the (fecllof the cock S, and which has the high ridge T on the 
back of it; all thefe being only one piece of metal, which is 
rcprefented fep^r^tely in fig* S^ ^^^ ^'^^ ^^ in that form: the 
around plate is about ith of an inch thick, but the cavity of 
the cock intrudes fo far on this that, when the key of the cock 
is put in, the thicknels of the plate in the part directly over 
the key, where the duds open into the barrel, is not more 
than ^th of an inch: the length of the (hell of the cock is 
three inches ; that of the key ^th of an inch lefs: the dia- 
meter of the key at the thicker extremity is i tV^s of an 
inch, and at the fmaller end t ith of an inch. It is turned 
by the handle «, faftencd on its axis as near to the end of the 
{hell as may be, vi* at the diftince of ith of an inch. Care 
Vol. VI. T t was 
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^was taken that the metal of the cock {hould be free from pores^ 
hj which if air were admitted in the working, it would be 
Tcry hard to difcover it, as this might take place only in 
certain pojittons of the key j and the ointment might fometimes 
prevent and fometimes dRiffer it, fo that it might elude trials ; 
the cock was alfo io truly and fmoothly ground as to produce 
an intimate contacSl of the key and fliell throughout, (for air 
will penetrate where liquids would not) it was alio made of a 
true conical ihape, its fides being perftdlly ftrait from end to 
end- The cock mull be lubricated and made air-tight by oint- 
ment *, and as all oil or greafy ointment has an acid in it, 
(of which perhaps it can never be diverted without deftroying 
its lubricity) which corrodes the brafs, and ftiffens the oil or 
ointment itfelf, by impregnating it with green ruft or verdc- 
gri«, I found it neceffary, after the cock was finiihed, to have 
the key and the infide of the fhell coated with tin f . 

The 

* This I have made of one part common rofin, one part oil, and one part and 
a half frcfli fuct : the oil and rofin is firft melted, and when a little cooled, the 
fuet is added, that the heat requifite to melt the rofin may not burn the fibrous 
pait of the fuct and defloy its firmncfs : more oil is to be added in cold than in 
warm weather. The quality of the ointment for the cock is of the utmoft con- 
-fequence ; for if ever the paits of the metal of the cock come into ihimediate 
xontafi, it will not he air-faft - oil will not render it fo, (nor confequently would 
a valve) but the ointment mufl; be ftiff and adhefive ; yet not too ftiiF, as then 
it would be hard to turn the key, and it could not be diftinguiftied whether its 
ilififnefs was owing to the ointment, or to the friftion of the parts of the metal 
getting into immediate contaft, which would be pernicious. 

f This was done by making the metal very clean and bright by rubbing with 
whiting and wiitcr ; and having heated it as hot as boiling watet, and prcferved it 
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The key of the cock cerminates in a little knob x^ fig. 2*. 
againft which the end of the thin fpring lever y^ prefles td 
keep the key conftantly firm in its fliell : tiiis fpring is made 
to urge onward the key with any degree of force reqnifite, by 
the fcrew at y^ fcrewed through the outer part of the little 
arch or frame, which frame is itfelf faftfened by fcrewsf on 
the prominent ring of the barrel^ as appears at z^ fig. 2. The 
lever has a little ridge or devated part, which refts in a notch 
in the frame ; by which the lever is fixed in its proper place, 
i3ie notch being the fulcrum : by withdrawing the fcrew, the 
ridge may be raifed out of the notch, and the lever pulled 
back from the knob, to let the key be taken out when it re- 
quires more, ointment ; which will be known when it has 
worked into the fhell nearly to its limit; and this fhould be 

T t z carefully 



fo, I rubbed th& pai^s to be. tinned very well for half an hour, or nvorc, with a 
linen rag wetted with diftilied vinegar, in which had been boiled fome falam- 
mantaC) together with- an -araalganrL of quickfiker and tin 5 'till the metal wa« 
every where well coated with the amalgam j then wiping off the loofe particles, 
r heated the metal in the fire, 'till in the dark, it was juft beginning to appear 
red hot; with this heat the mercury evaporated, leaving a very hard coat of tin 
on the metal, without in the. leaft injuring its (hape or poliih ;, this alfo pre- 
vented the key and (hell of. the cock from tearing one another by friftion, which 
would certainly fpoirthe cock, as frequently happens with foft brafs. 

The itifide of the barrel (for reafons hereafter given) fhould be tinned in the fame 
manner-, but it ihould,- before it is at firft poliflied, be heated equally red in the 
fire, and fuffered to cooL equally and gradually, that it may not alter its fhape 
when heated again in tinning. Any other method of tinning it, but thisy would 
be both diiHcuIt and hazardous. 
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carefully learned, by marking hew ^faf it c^ft be iafeS'ted mto 
the fheU without any ointment iaterpofcd^ Thd form o£ the 
key and its lever is exhibited in fig> 6. in ^ hori2<)ht'ai fe^ion 
throiigh the naiddle of them. 

TiiRotTGH the fliell of this coek ^4^ ,twc* roumi perforations 
for two dn<5ls through the cofeky eadi^ Itaac inch diftant from 
the other, and the fame frbm the end t>E tbti c6ck oa either 
fide: they are in a; plctne or fecaion ^fwrifitj[g'«hroiajS[ti the axis 
of the key, and Alfo thrbtigh^ the AMK :*f ttft bkffel; aftd^ bbth 
paft through the ridge of metal % ikt tlife bsfck of tKe ifiidl. 
The dtidl nett the finaller end of the kiy (being a part of tfte 
dua comitiunicatiiig with the refceiver) ife in di^raet^ ikh aiid 
the other dta is only ^th of an itifch : tiih)Ug;li the key ilfo 
are du6ls anfwering to the perforations in the Ihell^ but the 
ducfls in the key are not both in the fame fe<ftion of it, but 
one of them is at right angles to th^ other; fo that when one 
of the dudls through the cock is open, the ^i^her will be always 
Ulut, and vice verfa. 

There is a colitiniiation of each of thofe duds fbfmed in 
the piece of metal V, which is joined (by cement interpofed) 
to the ridge of the fliell of the cock by four fcrews gr gj 
fig. I, by two openings (into the two dudls in the piece of 
metal) oppofite to thofe in the ridge; and thefc du^s in the 

piece 
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pi€C5e V, h^¥t t^b oxhet orifices at a and c^ where the two 
pipes a ^, fig. I, and c d^ fig. 2. communicate with the two 
canals in the piece of metal, being connected with them only 
b/ the help of cement, that th« barrel with its cock may be 
oeeafionally disjoined from them : thus a feparate communica- 
tiofi is fbrtatd between each of the pipes and the barrel. 

The pipe a b^ is only ^-^x\x of an inch in diameter, except at 
its orifices which are widened ; one of them is connefied at b^ 
with a duA formed in the piece of metal k^ attached to the 
bdx of leathers C, at the top of the barrel, which du(5l tm-n- 
iiig in an angle, without penetrating the box, opens into the 
batrel: this pipe and du<5l are joined by a fimple application 
of their orifices, which are made in the contiguous fides of 
both, and the joint made air tight by cement melted arotind 
with a blow pipe ; and the fame might be cfFeded by tht 
preffurfe of a fcrew clofing the furfaces, with oildd leather in- 
tcrpofed* By this pipe, when the valve is fhut, and the key 
of the cock fo placed that the communication of this pipe with 
the bottom of the barrel is open, if the piflon be* depreffed 
frbm the top, all the air which is under it will be forced to 
pafs, by this pipe, into thcbarrel above the pifton ; and vice vcrfa, 
if the pifton be elevated from the bottom ; fb that according 
to the motion of the pifton, the air under or over it within 
the barrel is made to change its place, and to circulate from 

the 
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the fpace under or above the pifton, to the contrary; from 
which effeia of this pipe, I call it the circulating pipe. 

The other pipe or dudl is reprefentcd at c d^ fig. 2, which 
exhibits a back view of the pump : its extremity r, enters 
the block of metal V, to communicate with the du<5l there- 
in, and fo with that through the cock into the barrel : its 
end c has a wing foldered to it, by which it is firmly 
fcrewed to the piece V, this being neceflary, left the cement, 
by which alone the joint there is made air-faft, ihould be 
cracked by any ftiock moving the barrel ; or it might perhaps 
be fecured by the fcrew with only leather interpofcd ; this duA 
is a very wide one, that the air may the fooner pafs through 
it; it has a turn at right angles at //, and another at e^ from 
whence it extends under the pillar B, and pump-plate C D, 
through the middle of which it rifes at A ; it has a branch 
turning at right angles from A, under the pump-plate, the 
end of which terminates in a round orifice with an infide 
fcrew, that by means of a pipe, furniiled with a ftop-cock, or 
otherwife, another pump-plate and receiver, or feveral of them, 
may be conncdled with it, being laid on the fame table which 
fupports the pump: when fuch are not ufed, the orifice is 
clofed with a ftop-fcrew as at D. From this pipe rifes a 
branch E, inferred into the top of the brafs cap F of the glafs 
veffel Y, and opening into the vefTel by a ^xxGi made in the 
thick plate of the cap. G, is a reduced barometer tube to be 

filled 
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filled in the moft perfed manner with mercury, and immerfed 
into a pool of merc^ in the bottom of the glafs veflel The 
interval between the tube and the neck of the veflel is clofed 
by cement, which, as the neck muft be a good deal wider 
than the tube, is effeaed by a deep ring (I) fitted to the tube, 
having a round plate at the bottom of it; which being let 
down on the tube, after it has been immerfed in the ciftern, 
is joined with cement to the top of the cap. The tube was 
eafily immcrged in the mercury within the veflel, by covering 
its open end, and fuftaining the mere' in it by a little plate or 
fcalc of iron (P) fig. 7. having two threads tied to it through 
two holes made near its edges; which threads were grafped 
together with the top of the tube between the fingers, and the 
tube was inverted and let down into the mere' in the veflel : 
die little plate was then pulled up by one of the threads, it 
being made fo fmall as to pafs through the neck of the glafs 
while the tube was within it and remained immerfed in the 
mere' * : the veflel was then clofed at the top with melted ce- 
ment ; and as it communicates by the pipe E with the con- 
duit pipe, it is exhaufl:ed with the receiver, and the merer 
in the tube will fink as the rarefadion advances: if a per-^ 



♦ I thought this the belt way of fixing the reduced barometer, for if there were 
a feparate veflel, as a ciftern, for the mercy, and a receiver placed over it and 
the tube, the eye, when on a level with the furface of the ftagnant merc^^, could 
not fee the ahitude of that in the tube, with prccifion, through two glafle^- 
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fed vacuum could be made in the xccf an(J gagerveflel, h 
would fink more or lefs bentaib the level of the fxjrrounding 
merc\ as the tube is narrower or wider, even fb as to dif- 
appear, if the tube were very narrow; fb that it mull not be 
lefs than -V^^^ ^^ ^^ ^^^^^ ^^ dianxeter > but it would be better 
if it were ^^o^ths. If it were obferved how much the merc^, 
in a tube open at both ends, would fink beneath the level of 
that in a ciftern, in the open air^ it might be pretty nearly efli- 
mated how great is the rarefa(5lion in this gage vefTel and con- 
fequently in the rec', 

This reduced barometer is the ordinary gage I ufed, by 
which a perfon accuftomed to obferve it may know what is 
nearly the rarefaction when it does not exceed two or three 
thoufand times ; for which purpofe there fhould be marka 
made with a file on the outfide of the tube, dividi^g it into 
inches and decimal parts : if the common whole barom' gage, 
and this reduced one, were applied to the pump tx)gether, the 
altitude of the merc^ in the latter would be equal to the dif- 
ference between that of the former aad a fUndard barom'. 
When the merc% having funk to the bottom of this ihort tube, 
pifes to the top again on admiffioa of air, all the invifible air 
bubbles which were in it, will afcend and form one air bubble 
at the top, which will be the lefs, and the gage the more exacft, 
as the tube had been more perfectly filled, and this will alfa 
fliew how far the ordinary Torricellian vacuum is from being 

fa 
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fo pcrfeA as it is commonly fuppofed, for there will perhaps 
always be fuch an air-bubble formed, be the tube ever fo care- 
fully filled: in that mentioned in the fubfequent trials however, 
the bubble was not bigger than a pin's point, and fcarce vi- 
fiblc- 

If after exhauftion the air were let fuddenly into the rec' 
and gage-veffel, the mcrc^ would be forced up into the tube 
with fnch violence as certainly to knock the top off it, or to 
fplit it ; to prevent which, the cock is placed at H, to flop the 
communication of the rec"^ dud with the branch of it which 
goes to the gage-glafs, whenever it is requilite to let air fud- 
denly into the rec^: when this cock is not (hut, the communi- 
cation between the rec'' and gage-veffel muft never be opened, 
(if the latter has been exhaufted and the merc^ has fubfided 
in the tube) 'till the pifton is previoufly put down to the 
bottom, and the rec' is exhaufted. It would be a great improve- 
ment of this machine, if another fuch cock were placed between 
this one and the rec', to ftop occafionally the main d\x&, between 
the barrel and rec' j by which the rec' would be doubly forti- 
tified againft the intrufion of air, and the cock attached to the 
barrel might then have its key taken out, when it requires frefh 
ointment to be applied ; which will often be neceflary, when it 
muft be turned many times during the exhauftion of a large 
rec', or when one is to be kept exhaufted many days, and it 
may be requifite frequently in that time to pump out air which 

Vol. VL U u might 
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might have forced an entrance into the rec^ This can't be 
done in my pump here defcribcd for want of this fecond cock, 
which might at firft have been eafily added. 

The gage-glafs or veffel is fupported by the pillar B, which 
is fo high, as that the eye of the operator, looking over the 
barrel, may be on a level with the furface of the mere'' in the 
gage- veffel ; it terminates in a deep cup W, to receive the narrow 
bottom of this veffel, which is fixed in it with cement : the 
pillar is fixed upon the du£t of the rec' by two fcrews which 
pafs through the iron frame underneath, and alfo through the 
fides of the dud, which are fo thick as to admit holes for 
the fcrews to be made through them, without the channel of 
the dud J by which both the pillar and the dud are made 
firm. 

If a fyphon-gagc fhould be preferred to the reduced bar', this 
pillar would fupport it, and the pipe £ might be conneded 
with its open end. I have preferred the former, becaufc in it 
the foul, confined, or faditious air, which may be in the rec% 
can never get into the tube, and make its fides and alfo the 
mcrc^ in it foul, preventing its motion in the tube and equi- 
librium ; as it ever will do in time in the fyphon or com- 
mon bar^ gage ; fo that this little barom' always ads as well 
as at firft. To apply a whole bar' as a gage to this pump, 

when 
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when placed on a common table which is too low; let a metal 
pipe conneded w^ith the rcc' at C, or D, fig. 2. have an arm 
rifing upwards to the height neceflfary to conned it with the 
open top of the bar' tube, whofe ciflcrn may be fupported by 
a board fattened below to the frame of the table. Thus every 
neceffity will be prevented for conftruding the pump with an 
unportable frame. 

In order to make each of the duds, which have now been 
d:cfcribed, communicate alternately with the barrel, it is necef- 
fary that the key of the cock ihould receive a motion of one 
quarter of a turn, the dud» in it being at right angles to 
each other ; and confequently it muft have detents to confine 
it to that motion : tliis is efFeded by a pin «, fixed perpendi- 
cularly in the back of the handle «, fig. i. which pin, when 
the handle is put on the fquarc end of the key (and fecured 
there by a winged nut) defcribes a quadrantal arch under the 
Ihell of the cock, where there is juft room to allow fuch a 
motion of the pin, a part of the ridge of metal at the back 
of the cock, being hollowed out for that purpofe ; and care was 
taken that the duds in the key, when at the limits of its due 
motion, cxadly correfponded with the holes in the fhell ; the 
key not being pierced 'till the handle was fittted on, and thefe 
limits afcertaincd. The joinings of the cock to the barrel, and 

U u 2 of 
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of the piece of metal to the cock, as alfo of the duds to that 

piece of metal, are made air-tight by melted cement interpofed 

between them *. 

The 



* The parts to be joined were firfl made very clean and bright, and then heated fo 
much as to melt the cement quite fluid ; feme of it being thus fmcared on the whole 
of the furfaces which were to be applied together, before they were joined ; aa 
othcrwife it would not penetrate into an extenfive joint, efpecially if the metal were 
too cold, for the cement would grow folid in its pafTagc ; nor would it intimately 
cohere with cither glafs or metal lefs hot. The cement I ufcd for this purpofc was 
made of about two parts of common refin and one part bees-wax, melted together, 
which anfwercd well enough : this I alfo melted, with an iron moderately hot, round 
the edges of the rcc"^ on the plate, both being previoufiy warmed ; when I wanted the 
rec'^ to be permanently air-faft, or when from its fides being too weak or of an im- 
proper (hape, there was danger that being cxhaufted, its fides might change their 
form by the great prefliire of the external air, in which cafe foftcr cement would, by 
yielding, admit air. 

Whenever it is neceflary to open the barrel to clean it, the pifton is to be firft 
raifed to the top, the nut to be then unfcrewed from the end of the pifton rod, the 
arm of the rack to be taken off, and the fcrcws faftening the box of leathers to the 
end of the pump, to be taken out ; then with a hot iron, or rather a candle and blow 
pipe, melt the cement joining the circulating-pipe to the piece of metal attached to 
the box, (or unfcrew them if joined by a fcrew.) The box of leathers may then be 
taken off, and the pifton extrafted, which, with the barrel, &c. being cleaned, 
the parts may be replaced without disjoining any other part of the pump. N. B. 
The leathers of the pifton having been at firft treated as before direfted, frefti hog^s- 
lard would be beft to lubricate its edges with, afterwards ; for if oil were ufed for this 
purpofe (at leaft copioufly) fome of it would get into the holes of the cock, and 
making the ointment of it too foft, it would admit air, Alfo after ointment has^ 
been put on the cock, and the key has been often turned to fprcad it evenly, the 
key, before the pump is worked, muft be taken out ; and the mouths of the dufts in 
it, cleared of the ointment by a pin, and alfo of thofe in the ihell, by a crooked wire. 
This is neceflary to any pump conftruded with a cock in place of a valve. 
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The adion of this pump in exhaufting is as follows: The 
pifton being at the bottom, and the key of the cock turned to 
its limit on that fide by which the communication is open be- 
tween the barrel and rcc^ and confequently that with the cir- 
culating pipe clofed, the pifton being then raifed to the top of 
the barrel, difcharges the air in it through the valve, and that 
in the rec" rufhes into the barrel ; the key being now turned 
to its limit on the other fide, the communication with the rec' 
is clofed, and that with the circulating pipe opened ; w^hile it 
is kept fo, the pifton is deprcflfed, and drives the air (which had 
paflfed from the rcc' into the barrel, and was left there on 
turning the key, and fo clofing the communication between it 
and the rec'j into the circulating pif)e, and through it into the 
top of the barrel : the pifton being down to the bottom, and 
the key again turned to open the paflTage to the reC and to 
clofc that with the circulating pipe ; if the pifton be again 
raifed, the air above it will, as before, be thrown out by the 
valve, which air is no other than what in the former ftroke, 
had come out of the rec' : for the valve at the top clofing, as 
foon as the pifton began to defcend, excluded all entrance of the 
external air into the barrel. As the pifton rifes, more air will 
pafs from the rec^ into the barrel under it, which on turning 
the key, and deprefling the pifton, is by the circulating pipe 
conveyed to the top of the barrel, to be pumped out through 
the valve on raifing the pifton as before. Thus the ftrokes be- 
ing 
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ing repeated, fome air will come every time from the tea into 
the barrel, 'till that in the red is as rare as the air in the barrel 
would be, w^hen the pifton is raifed to the top; fuppofing no 
communication to cxifl: between the barrel and the rec", nor any 
more air to be under the pifton when elevated to the top, than 
there was when it was at the bottom. 

This pump a<Sls like wife as a condenfing engine, without 
any other additional apparatus than that common to all ; of a 
frame for keeping down the rec", which in this Ihould confift 
of an iron bar to be laid under the frame fupporting the rec 
plate ; in which bar are faftened two upright rods, with nuts 
and fcrews at their ends, to fcrew down a crofs-piece prefling 
down the rec' in the ufual manner. When the bar is thus 
laid under the rec^ plate, this latter will ftill be level ; for the 
part of the iron frame of the machine which is under the 
rec' plate, is higher than that part under the barrel by which 
it is faftened with clamps to the table, as before dcfcribed ; 
and when the frame of the condenfer is not ufed, a piece of 
board {hould be laid under the rec^ plate to raife it to an ho- 
rizontal pofition. 

The aftion of this pump in condenfing is as follows: The 
cock of the gage-veffel is ftopt that it may not be burft j the 
valv^ is taken off; the comnaunication of the bottom of the 

barrel 
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barrel with the circulating pipe opened by the key of the cock, 
and the pifton raifed to the top; the external air then preflls 
through this pipe into the bottom of the barrel, which it fills : 
on opening the rec*^ pipe by turning the key (which fhuts the 
other pipe) and deprcffing the pifton, the air under it is forced 
into the rec''. The cock being again turned while the pifton 
is kept at the bottom, and this again elevated, the external 
air fills the barrel by the circulating pipe as before, and this 
on turning the key and depreffing the pifton, as in the for- 
mer ftroke, is forced into the rec^; and the condenfation is in 
this manner encrcafed by a repetition of the ftrokes ; the de- 
gree to which it is carried being eafily known, even without 
a gage, by knowing the proportion between the capacity of the 
barrel and rec% which the operator Ihould, whether he is ex- 
haufting or condenfing, be always certainly informed of, as 
otherwife he cannot tell how many ftrokes are requifite to 
produce a given degree of rarefadlion or condenfation ^, in which 
latter operation the full of the barrel of air of the natural 
denfity, is thrown into the rec^ at every ftroke; a dangerous 
operation with a glafs rcc% efpecially when large, unlefs it is 
clofcly grafpcd in a cage of metal rods. 

To let air fuddenly into the exhaufted rec"^, there is a pin 
fattened in the end of the rcc' du<Sl (at N, fig. i .) with cement, 
by pulling out or loofening which, the air is admitted. 

I.HAVE 
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I HAVE been thus particular in defcribing not only the 
flrudure of this pump but alfb the rcafbns of the form of 
each of its parts, and the circumftances on which depends 
their right performance : becaufc the ftrudure of the machine 
is novel; and alfo that any artift who might make fuch a 
one, may be guarded againft any alteration not duly confidered ; 
and as no perfon will ever make exquifite experiments with 
an air-pump unlefs he is himfelf, qualified to underftand and 
to rectify little accidents and derangements, to which every 
machine muft be liable, which is to refill fo fubtil an intruder 
as air ; fo I am fure neither artift nor experimenter (for whom 
alone this is written) will think me tedious in guarding him 
aga:inft miftakes, which it would be more tedious to difcover, 
and far more fo to correcfl : in truth to make this defcription 
as ufeful as I wifh, the operator fliould underftand the parti- 
culars which are mentioned underneath *. 

I PROCEED 



* Suppofing every part of the pump to have been made of metal without pores ; 
and that every part and pipe has been feparately tried, by being filled with condenfed 
air, an J fo plunged under water, to fee if the air efcapes through any fecret porej 
the barrel alfo joined with its cock, and with the piece of metal attached to it, being 
thus tried in itfelf, after clofing the mouths of the dufts in the latter, and that every 
part in itfelf is found air-tight ; if then the machine when put together, is found to 
to be leaky, it muft be fo either in the joints, which arc clofcd only with cement, or 
in the cocks, the valve, or pifton ; and to difcover where the air intrudes, (and diffi- 
cult indeed will it be found to exclude it altogether) each part may be tried thus : 
The V live being taken off, put the pifton down to the bottom, and clofe the bottom 

by 



[ 345 ] 

I pRocfiKD now to explain the principles on which the pump 
here defcribed was conftrudled, and they are thefe : 

I ft. That the rarefa<5lion produced in the rcc** will be by 
the final adlion of any pump, if there be no obftacle to the 

air's 

by turning the key fo as to reft at the middle between its limits on either fide by 
which both its dufts will be ftopt, then elevate the pifton, and have it fixed fo, by 
putting a bit of wood acrofs between two of the teeth in the rack, which will hinder 
its defcent ; after a long time, if the pifton when let down, can touch the bottom of 
the barrel, no air is admitted by the pifton. This being afcertained, each of the du£l3 
arc next to be tried ; in order to which, ftop the hole of the rcc" pipe in the pump- 
plate ; exhauft the gage-veflcl, and ftop its cock, and the barrel cock : if then the 
merc^ rifes in the tube, the glafs-veflel itfelf admits air by its cap or dudt ; which 
being reftified, open the communication of the gage with the rccr pipe by turning 
the gage-cock ; if the merc^ ftiould then rife after a good while, the air has entered 
at the joint of the rec" pipe. Thefe parts being fccured ; then, to try the circulating 
pipe; firft exhauft the gage-glafs; ftop the end of this pipe at the top of the barrel, 
by disjoining it from the box of leathers, and intcrpofing a thin plate of metal be- 
tween its opening and the part k, of the box ; melt cement about the edges of this 
little plate, to feal up the orifice of the pipe there, having previoujiy put down the 
pifton to the bottom ; then after opening the communication of the barrel with the 
recs mark the height of the merc^ \ elevate the pifton a little, and keeping it fo for 
a good while that whatever air may have entered by the circulating pipe may difiufe 
itfelf into the barrel, (to allow which this pipe muft now communicate with the 
barrel) turn the key very flowly and cautioufly, to let this air pafs into the gage-glafs 
without endangering its tube, and deprefs the pifton to the bottom, when if any air 
had intruded by the pipe, the merc^ will rife above its altitude before marked, fliew- 
ing that the joint of the pipe with the piece attached to the barrel cock, was leaky ; 
which being remedied, reftore and fecure the communication of the pipe with the 
top of the barrel j exhauft the gage-glafs, at the laft ftroke of which procefs, when 
the pifton is at the top, keep it there, 'till you have fealed with a plate and cement 
Vol. VI. X X the 
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air*s paffagc, the fame as that which would be in the cylihder, 
when the pifton is elevated from the bottom to the top, fup- 
pofing there was no communication between the rec"^ and cyP 
during fuch elevation ; fo that if there were a perfect vacuum 
made in the cyl' ptr fe, by raifing the piftoii, the rarefitSlioH 

in 

the hole under the valve \ open the communication between the circulating pipe and 
the barrel, then turn the key back again, and deprefs the pifton to the bottom ; ob- 
ferve where the mere'' ilands ; turn the key, to join the circulating pipe with the 
barrel ; raife the pifton half way artd keep it fo a confiderabk time; then flowly open 
the recr duft, and put down the pifton ; if the merc^ rifcs hi^cr than the mark, air 
has got in either by the pifton rod, its collar of leathers not having been clofe enough 
prcficd to the bottom of the box \ or by the top of the pump not clofed ; or by th^ 
joint of the circulating pipe with the duft in the box ; each of which muft be exa- 
mined. If the valve admits air, it will be known by being raifed during the eleva- 
tion of the pifton before it gets to the top, when the air has been greatly rarefied in 
the recr, or when both the dufl:s arc clofed by the key. 

If it be chofen to let the air gradually into the reef without loofening the pin, it 
may be done with fafety to the tube o*f the gage-veffel, by taking off the valve ; and 
raifing the pifton half way, 'till the bari-el under it is filled with air of the natural 
denfity ; then let the cock be half turned, and the pifton raifed to the top, to rarefy 
the air under it ; the cock may then be cautioufly turned *till the air geti into the 
rec, the pifton being afterwards put down to force into it what air remains under it : 
this may be repeated. 

If the pifton rod moves ftiffly through its collar of leathers it will be eafed by 
fmearing the rod all around with fome oil. The joints» &c. may be made air-faft, by 
melting the cement on them with a blow-pipe, or by a knob of metal, fixed on the 
end of a wire, heated by a hlow-pipe. 

The cock of the gage-veffel (and all others ufed) fliould have the key oric inch and 
I long, and its mean diameter J of an inch at the leaft. It cannot be too carcfiilJy 
formed and poliflied. 
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in the rec' would iadefinltely approximate to a vacuum j ap4 
of confequence, 

adly, That the degree of rarefadtion in the rec' can never 
exceed fuch rarefaction in the cyl*^ : from both which it foU 
lows, 

3dly, That the mofl pcrfcdl pump, r : /, is that in which 
the moft perfeA vacuum is made under the elevated piftoq, 
in the cyl' uncQnne6te4 with any thing elfe. 

The firft pofitipn is in fadl felf-evident, if it be admitted 
tl^at the clafticity of the aip is as its denfity (and I have reafoij 
to bielieve it has claftic force to expand itfelf 30,000 times ;) 
for thus, whileyer there remains any air, it will have power 
to diffufe itfelf put of the rec^ irito the cyl' (if there be no 
valve to raife, nor any thing to oppofe its paflage) fo long as 
there is lefs air in the latter than in the former. 

The fecond pofition (or confequence rather) is no lefs evir 
dent f to fuppofe the contrary, is to fuppofe that a lefs elaftic 
force could overcome a greater, or that the rarer air in the rec»^ 
could rufli into the denfer in the cyl% ytrhich is fo manifeftly 
abfurd, that it is furprizing the firft idea of an air-pump 
which would ftrike any one, fliould not be that which firft 
occurred to me, when I thought of making one;, that no air 

X X 2. £hould 
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fhould •be left utider tlie pifton when put down; yet this was 
certainly not adverted to by Mn Boyle, nor (which indeed I 
admire) by Doiflpr Hooke, who aflifted in contriving for him 
tjic firft air-pump ; for Mr. Boyle complains that he could not, 
ufing recr'' of any fize, make the merc^ fink in his barom^- 
gage to the level of that in the ciftern, and he attributes this to 
air cafually intruded, when he might have ifeen that he left 
it behind in his pump at every ftroke ; for it is manifefl from 
the defcription and figure given of it, that a eonfidcrable fpace 
was left between the bottom of the cy^ and the cock ; in 
which air of the natural denfity would reft, and for eveflimitthe 
degree of exhauftion ; now had this been corredled, his air-pump 
would exhauft as perfedlly as any fince made, as will appear 
hereafter, AH who have not attended to this . circumftance % 
I fuppofe, have imagined, that the air left under the pifton 
could after pafling into the rec*^ be extracted from it again; 
whereas on the contrary, if we fuppofe a perfe<5l vacuum in 
the r^c*^, and an imperfedl one in the cyl', from air left be- 
hind at every ftroke and diffufed in it, this air would at each 
ftroke get; into the rec^ juft for the fame reafon that in op- 
pofite circumftances, it pafles out of the rec' into the cyls 
Tiz. that it is rarer in the latter : to expert the contrary, is 
to expedt it wpuld miftake the way it fhould go. 

As 

Mr. Smeaton was too fagaciou$ not to attend to it. 
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As it is ufelefs to attempt to make this plainer *, I proceed 
to explain the meafurcs taken to diminifh the quantity of air 
left under the pifton, in this pump, at each ftroke. 

Suppose the cyl' to be open at the top, or the valve to be 
taken oflF, which is the fame thing ; then, as the pifton fits the 
bottom of the barrel, there is no fpace left for lodgment of air 
under it when it is put down and the communication with the 
duds is flxut, except the two little cavities in the plate at the 
bottom, being the holes of the fhell of the cock lying over 
the key ; and thefe will be always full of air of the common 
denfity, at the inftant when the pump communicates with the 
rec', for the external air preffes into the top of the barrel, which 
is fuppofed open, and therefore into the end of the circular 
ting pipe which opens there j confequently as the pifton cannot 
be put down, unlefs the air under it, which it protrudes in its 
dcfcent, be difcharged through this open pipe, fo the outward 
air having accefs to it, and to the bottom of the barrel (with 
which it muft communicate during the whole defcent of the 
pifton) will fill it and any void under the pifton ; but when the 
pifton is at the bottom, and the key is turned, the air in the 
pipe is cut off from that in the bottom of the barrel, none al- 
inoft remaining there, but what is in the little cavities over the 
key ; which air will p^fs into the rec^ on opening its dudl into 
the barrelj— but if, by a half turn of the key flopping iotb 

duds, 

*•♦ I have proved this by calculation, and it will be farther explained hereafter. 
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du<fta, this air be imprifoned in the barrel and the pifion be 
then raifed to the top> the air in the cavities will be expanded 
in the cyl^ and whatever is its rarefaction then, no greater 
can ever be produced in the rec^; but its denfity then will 
be to what it was when confined in the cavities, reciprocally 
as the fpaces occupied, or as the contents of thofe cavities to 
the whole content of the cyl^ that is, the rarefaAion will be 
expreffed by the quotient of the latter divided by the former ; 
and this I call the rarefaSlion produced in the cyl^ per fe : 
now one of thefe cavities is 4th, and the other fth of an 
inch in diameter ; the depth of both being -J-th of an inch ; 
fo the fum of their contents is about -/--ths of a cubic inch: 
alfo the content of the cyl^ which is about 13T inches long 
under the pifton, and two inches in diameter, is nearly 42,4 
cubic inches ; the quotient of which, divided by the former^ 
is 47 1 1 : and this No. exprefTes th^ rarefadion in the cyk, and 
what ought to be produced in the rec^ by this pump, if it were 
even open at the top (in which ftate it would in fadl be the 
fame as Mn Boyle's original one) but as the pifton can hardly 
be made fo cxadly to fit and fill the bottom, a§ pot to leave 
a farther vacuity under it, perhaps equal to ^ of that of the 
cavities under the plate, fo this rarcfa<5lion fhould be reduced 
i-^ viz. to 3530 y and if the performance of the inftrument de- 
pended only on its mechanifra, it would not fail of rarefying 
the air to this degree, every part being made perfcdlly air-tight. 

Accordingly 
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Accordingly this pump in this ftate (i. c. the valve being taken 
ofFj will fo exhauft a rec^ as to make the merer in an open 
tube connecfled with it rife as high as and fometimes higher 
than that in a barom^ of equal bore, placed parallel to it in the 
fame ciftern, and filled with mercy as carefully as it could be 
without boiling it in the tube ; while the merc^ finks in the 
mean time in the gage to the level of the external raercX and 
even beneath it ; and the pear-gage, in the drieft ftate of the 
air and rec^ (in which condition only of the atmofphere fo 
great rarefaction could be efitrcfledj will then indicate a rare- 
fadlion of between 2000 and 3000 Such limited performance 
was nearly what this theory promifed ; and I alfo found the 
refidual air under the pifton, to elevate the mercy in the gage 
fo much at every ftroke, when, on turning the key, it was 
let into a fmall gage-veffel (no rec^ being ufed) that it was 
plainly neceffary to leflTen the refiduum of air under the pifton, 
by applying the circulating-pipe, to tranflate the air from the 
fjpace under to that above the pifton ; by which the ufe of a 
valve, either in this or in the bottom of the barrel, was avoided ; 
and at the fame time, the t0p of the pump could be covered 
with a plate and valve, in order to take off the great weight of 
the air incumbent on the pifton, which makes the exhauftion by 
a fingle barrel (and fo wide a one) too laborious. 

The effed produced by this addition is, that whatever before 
was the refidual air under the pifton, is now diminifhed to fuch 

a part 
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a part of the natural air contained in the circulating-pipe, as 
the cavities under the pifton are of the content of the whole 
cyl^ J i. e. as above fhewn, to about the 3530th part. Now the 
crofs fedlion of the channel of the circulating pipe, which is 
fquare, is only ^'-th of an inch, and its length 21 inches ^ its 
contents are therefore TV/o^h parts of a cubic inch ^ of the 
air in which, only the 3530th part is contained in the cavi- 
ties under the pifton ^ i. e. nearly the 16809th part of one 
cubic inch, or the 712700th part of 42,4. inches (the content 
of the cyl^) which N^. will therefore exprefs the meafure of 
air left under the pifton, and <:onfequently the rarefa<5lion in 
the cyK 

This will be eafily conceived, if it be confidered, that when 
the pifton has been raifed to the top, the valve muft at that 
inftant be open, difcharging the laft of the air pumped out 
of the Ttc^ J the circulating pipe as far as the key, will there- 
fore be filled with common air 5 but when by turning the key 
of the cock, this pipe is opened into the rarefied air or vacuum 
under the pifton, the parts of the cyl^ both over and under 
the pifton, are one vacuum connedled by this pipe; and then 
the valve, not preflcd underneath, muft fliut, and no air enters 
above the defcending pifton, but that which expands itfelf 
out of the circulating pipe ; fo that there is no air in the 
whole cyl% over or under the pifton, but what had been con- 
tained 
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rained in the pipe,, and is now uTiiformly diffufed through the 
cyJ^: and as both the orifices of the pipe open into the cyl'^ 
during the defcent of the pifton. fo when this is at the bottom, 
the whole of this air is over the pifton, except fuch a part of 
it as is exprcfled by the ratio of the content of the cavities 
under the pifton to that of the cyl^ 

It has been fhewn, that when the pump was open at the 
top, and the circulating-pipe confequently ufelefs, fo that the 
air above and beneath the pifton was of the natural denfity ; 
yet in this ftate^ the rarefaflion was as the capacity of the 
cyU to that of the cavities under the pifton ; but as the air 
is rarer or denfer in the ryl^ it muft be fo alfo in the cavi- 
ties : and it will by the addition of the circulating-pipe and 
valve, be rarer in both thefe, in the proportion of the capacity 
of the cyK to that of the circulating-pipe (for the air in the 
latter being diflPufed in the cy^ will be rarer or denfer there, 
as the cyl^ is larger or fmaller ;) fo that the rarefadion now 
will be in a ratio compounded of the ratio of the content of 
the cyl'^, to that of the cavities under the pifton, and of the 
ratio of the content of the cyl^ to that of the circulating-pipe : 
for ^e refidual air under the pifton is inverfely in this com- 
pound ratio, and the rarefadlion is inverfely as fuch refiduum. 

However fince either the valve, or cover of the pump, or 

the collar of the pifton, will always admit fome air, as the 

Vol- VI. Y y pifton 
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pifton dcfccnds, frequently (in my trials) fo much as the 50th 
part of the whole capacity of the cyl^, the contents of the 
circulating- pipe of air muft be fuppofed as cncreafed to that 
quantity ; and the fccond ratio above mentioned, of the cyl'^ 
to the pipe, muft be taken as that of the cyl^ to the 50th 
part of its own capacity ; and according to this, the utmoft rare- 
facflion which could even by this theory be produced, would 
be about 176500 times ; and this the pump would produce, 
fuppofing the pifton to throw up all the air above it, and no 
external air to intrude unlefs fome other principle operated to 
prevent it. Alas ! it falls far ihort of this perfection ; and as I 
have never found any reafon to fufpe<5l, that the pifton left 
air behind it adhering to the cyl^ nor that any intruded by 
cocks or joints, in fuch quantity as to occafion fo fad a defedl 
in its performance (^but the contrary as will appear hereafter) 
this defed: cannot, as I conceive, arife from the mechanifba of 
the pump, but from other caufes. 

It is well known how much any moifture, or any fubftance 
capable of generating a fupply of aeriform fluids, either per- 
manently elaftic under the ordinary preflurc of the atmosphere, 
or fuch only in vacuo, will prevent exhauftion, and occafion 
a contradidion in the gages, by which its degree is indicated* 
I have confidered and tried their various effe(5ls, having three 
gages applied to the pump together, viz. a common ftrait ba- 
rom^-tube, in which the mercy afcended, the reduced baromr- 

tube. 
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tube, in which it dcfccnded, and Mr. Smcatons pear-gage ac- 
curately graduated ; aud when I knew there was none of the 
above -mentidned caufes to create the great and furprifing va- 
riations, which at different times occurred in the pump s ex- 
haufting power, even when the gages agreed fo far that when 
any one of them indicated a greater or lefler rarefadlion, the 
two others did fo likewife ; I was led to look for the caufes 
of thefe variations, either in the materiak of which the pump, 
&c. confifted, or in the different qualities in the external air, 
which was in the recr^ and to fufpe<5t, that new and perma- 
nently €laftic air is fometimes generated within the pump, in the 
working, and fometimes abforbed or fixed again ^ and that the 
quantity of air fo generated, is in certain ftates of the atmof- 
phere and of the pump, fo great, even in a fingle ftroke, as 
would fill with this faditious air, reduced to the denfity of 
atmofpheric air, a fpacc even greater than that of the vacuities 
under the pifton, and of confequence to limit the exhauftion 
of the rec^^ even within what the pump may be fuppofed to 
effe<a, without the addition of the valve and circulating-pipe. 
Now if fuch produdion of air can be proved to exift, the 
theory here laid down, may be fo far juO, as the flrudlure 
of the pump is concerned, and defe<5livc only with rcfpecfl to 
other principles. 

In fourteen feveral trials of exhaufiion which I made in the 
months of July, Auguft and September laft (1795) the air being 

y y 2 generally 
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generally very dry, the rarefadioa produced, as fliewn by the 
pear-gage, was, five times, between 3000 and 4000, the mere' 
in the barom'^-gage (landing at the fame times always above 
T~th part of an inch higher than it flood in a ftandard ba- 
rom^ of a wider bore, which was filled with merc^ made very 
hot, as was alfo the tube*, as well as I could fill it without 
boiling the merc^ in the tube ; and the merc^ in the reduced 
baromr-gage, funk below the level of the furrounding merc^ 
In the other nine trials, the rarefaiflion as fliewn by the pear* 
gage was from 9000 to 26000 ; when the merc^ in the barom^- 
gage flood at -»-|4-ths of an inch higher than that in the flan- 
dard barom^^, and funk in the reduced barom^ ftill lower thati 
before beneath the flagnant merc^ In feveral triak made from 
the Tjth of September following to the 5th of Dectmber^ 
when the air was always moi^y I could not raife the merc^ 
in the barom^-gage to the height of that in the ftandard ba- 
rom^ (which flood clofe befide and parallel to it in the fame 
ciflern) except once, and never fo high even in the pear-gage 
as it flood in mofl: of the former trials: whence it is evi- 
dent, from the correfpondence between the three gages, that 
a moifl atmofphere prevents the exhauftion, not only of aque- 
ous 

* The tube was placed in a heated gun-barrel, and filled with the mercy heated on 
fand , wheii filled, it was takeii out of the gun-bsirrc^l, and being fo cdld^ tis juft *not 
to burn my gloves, an air-bubble was moved through it ; and the ^mercx, as I found 
by trials, Rood higher tlian it ever would do if poured cold into tjie fame tube. 
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ous vapours, but even of permanently elaftic air from the recr, 
contrary to what has been generally imagined, viz. that fuch 
aqueous vapours would cncreafe the rarefadion as fhewn by 
the pear-gage, in the fame degree as they would dirhinifh it, ac- 
cording to the teflimony of the baromr-gage. 

The reafon why mere moifture in the rec^ cannot be pumped 
out, though it be in the form of elaftic vapour, when the air 
is moift (for in dry weather it adually can, by long working, 
as I have often found) I take to be this, that when it is got 
above the pifton, as foon as the valve opens, the preffure of the 
external air inftantly reduces the vapour to water, which fubfides 
in a dew on the top of the pifton, and the upper parts of the 
pump (the little air which gets in through the valve, and by 
fuppofition moift, being infufficient to dry it up) and refolves 
into vapour again, when it can pafs by the circulating-pipe, 
opened below, into the vacuum under the pifton : Thus I fup- 
pofe it is kept circulating within the barrel and cannot be dif- 
charged. But why any permanently elaftic fluid in the rec'^ 
could not, in damp weather, be exhaufted, as it was when the 
air was dry, is a queftion of great difficulty. I had long before 
fufpeded that air was produced within the pump, notwith- 
ftanding its excellent performance juft mentioned ; of the reality 
of which, from the agreement of the gages, and chiefly from 
the eledrical pha^nomena (to be hereafter recited) I could not 

fee 
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fee the leaft ground for doubt ; and am perfuaded, that fuch 
factitious air is generated more copioufly, by the moifture, or 
fome quality in the atmofpheric air in the rec^, in damp wea- 
ther, than when the air is dry. 

An opinion or rule given without a reafon, refts only on the 
authority of the dictator : that this may not reft on mine, I 
muft beg leave to relate on what it is founded ; for the fad, 
if it be one, is of the laft confequence to the perfedion of the 
machine as indicating a new principle, with refped to which 
it ought to be conftruded* I muft premife, that in making the 
following obfervations I ufed no other rec^ than a fmall glafs 
veffel, covering a reduced baromr-gage, whofe capacity, together 
with that of the duds of the rec^ (which conftitute a part of 
the contents of every veffel to be exhaufted) was only about 
eight cubic inches ; for the fmaller the recipient is, the greater 
and more diftinguiftiable by the eye, will be the afcent or 
defcent of the mercy in the gage, on the addition or fubtradion 
of a given quantity of air. The mercy in the gage being by 
exhauftion brought down within one inch of the level of that 
in the ciftern, which was always done, the following effeds 
were produced in working the pump ; which I noted a great 
many times to have happened invariably. 

ift, When 
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I ft, When the pifton was fcvcral times raifcd to the top, 
and dcpreffed again without turning the cook ; the rec^-pipe 
being conftantly kept open j at every fuch elevation or ftrokc, 
the mercy rofe a little in the gage^ and generally in fix ftrokes 
about ^rth of an inch. In thefe circumftances, fome air remain- 
ing in the rec^ was at each ftroke, drawn into the barrel, as 
the pifton rofe, and returned again when it was deprefled. 

adly. When the rec^-dud and circulating dud were clofed by 
a half turn of the key, the pifton being previoufly put down, 
and the fame number of ftrokes were repeated, then on open- 
ing the communication with the gage, after depreffing the pifton, 
the merer did not rife nor fall in the gage^ but when, after 
th« communication with the gage was open, the pifton was 
once more raifed and depreflTed, the mercy rofe much more than 
it did at any other fingle ftroke, made when the recr-pipe was 
oj)en. In thefe circumftances there was no air in the barrel, 
during the motion of the pifton, except in the laft ftroke, by 
which alone the merc7 was raifed* 

3dly, When the mercy was at the Jlated height in the gage, 
before the pifton was raifed from the bottom, if it was ele- 
vated a part of its ftroke, before the rccr and circulating-pipes 
were ftopt, by which means a part of the rarefied air in the 
gage-recr was drawn into the barrel, and imprifoned there on 
flopping the duds, then, after the pifton had been raifed and 

deprefl!ed 
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deprcffed the fame number of times as before, and the com- 
munication of the barrel and gage was opened, the mercy was 
always found to ftand lower than it did at firft before the pifton 
had been worked ; (hewing, as it fhould feem, that there had 
been an adual fixation or abforption of air j but when another 
elevation of the pifton had been made, the recr-pipe being open, 
then the mercy flood much higher than at firft ; as if the air 
abforbed, had been regenerated with increafc; or as if by the 
working when the barrel had been clofed, the ingredients for 
new air had been preparing in it, when a little air from the 
rec^ fhould be admitted into it, as a generative ferment. 

In all thefe circumftances there was no communication be- 
tween the external air and that under the pifton or in the 
rec ; and the appearances took place uniformly and repeatedly j 
and the experiments were all repeated together on different 
days, with long intervals, and fomctime« in a reverfed order: 
fo that whatever may have been the cailfc of the phasnomena, 
it could not have been the irruption of any air ; this could 
never produce thefe regular effeds ; it could only intrude by 
the pifton ; in which cafe it would not always be the fame 
in quantity, but it would always make the mercy afcend in the 
gage ; whereas in the fecond cafe juft mentioned, it did not ; 
and in the third cafe, it always funk in it : moreover as the 
top of the barrel was in all thefe cafes open (the valve having 

been 
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been taken off) «nd d^c air prcffed with its whole weight on 
the top of the pifton, it would be moft likely to force an entrance 
by this> when there waa the moft perfed vacnum under it, as 
in the fecond cafe ; whereas then the mere' never tofe in the 
gage, which proved that no air had got under the pifton : and 
in the other cafes, fincc the gage-rec' was fo fmall in propor- 
tion to the barrel, and the air in it was thirty times rarefied 
before the pifton was raifed, and above one hundred and fifty 
times after it was raifcd to the top, it muft have been always 
fo rare under the piftmi as to have favoured the irruption of 
the air incumbent on it: and if air had been admitted any 
where but by the pifton or cock, its quantity admitted would 
be always the fame in a given time, which would contradid 
the appearances that took place ; however the changes in the 
gage were computed from the altitude at which it ftood juft 
before the variation. 

And if it ihould occur, that the afcent of the mere'' in the 
gage, was caufed by external air adhering to the fides of the 
barrel, and entangled in the oil or ointment there, which was 
expofed to the air when the pifton was put down ; a part of 
which air, not brought up by the afcending pifton as being en- 
veloped in the oil, yet would expand itfclf into the vacuum 
under the pifton, and remain there until a pafl!age was opened 
for it into the rec'j we fhall find this will not agree with the 
Vol. VL Z z appearances; 
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appearances ; for if this circumftance took place at all, it would 
do fo equally in every ftrokc and in all the cafes mentioned; 
"whereas it happened only in the firft cafe ; in the fecond it did 
not ; and in the third the contrary efFcd occurred. Moreover, the 
fame phaenomena were exhibited, when the pump was covered 
by the valve, and none but greatly rarefied air was. over the 
pifton. It muft be remembered, that all the air* which once got 
under the pifton, muft always have remained there until it 
paffed into the rec^ ; and would, if it had been produced as by 
this fuppofition, accumulate in every ftrokc. Neither was this 
furreptitious air owing to the fouljiefs of the barrel, it being 
both foul and equally fo in the circumftances in which this air 
raifed the mercy in the gage ; in thofe in which it did not, 
and in thofe in which the merc7 funk in it ; and after the barrel 
was cleaned, the effects were the fame as before* 

It feeras therefore, on the view of thefc fa£ls, to be a necef- 
fary conclufion, that the caufe of the phaenomena, is to be 
looked for in the barrel itfelf, and in this, from the cffed pro- 
duced by the motion of the pifton ; which effed was declared by 
the gage to be fometimes a production of 2\x de novo^ and 
fomctimes an extinftion or abforption of it again. 

To undcrftand thefe effeCls, let it be confidered, that though 
the pump barrel be perfedly clean, and the pifton leathers be 

even 
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even new, and lubricated with the cleaneft oil, yet by a fingic 
ftroke, the oil will be tinged of a greenifh colour from its 
having corroded or diffolvcd a portion of the brafs, Brafs is a 
compofition of copper and zinc, either of which, being diffolved 
by the. vitriolic acid, emits inflammable air; and diffolved by the 
aerial or vegetable acid, will (I fuppofe) produce fome kind of 
permanently elaftic air; here fuch folution of the brafs is ma- 
nifeft, and why, at every ftroke of the pifton, air fliould be ge- 
nerated ; and alfo why I have often found more of this air to 
be produced in the pump (and the degree of rarefadlion it could 
effed to be Icfs) when it was clean than when dirty ; as the 
oil being, when foul, more faturated, could diffolve Icfs of the 
brafs ; and alfo that oil proved a worfe fubftance to lubricate 
the pifton than hog*s-lard, becaufe (as I apprehend) the fluidity 
of the oil allowed every particle of it fuccefllvely, to come in 
contact with the barrel, and to diffolve more of the metal ; 
which could in a lefs degree happen with the lard, from its 
ftiffnefs ; neither is it hard to conceive that the folution of the 
metal, and confequently the quantity of factitious air produced 
by it, (hould be more copious in a moift atmofphere than in a 
dry one ; when it is confidercd that fales non agunt nifi folutl ; 
and that all metals are in damp weather moft apt to tarnilh 
and contrad ruft, which is a fuperficial folution of them. I 
believe alfo that air made moift not by what is called veficular, 
but by diffolved vapour (in which latter ftate I found it to be 

Z z 2 moft 
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moft detriment^ to the punap's pcxfonnance) is more impreg^ 
natcd with an acid principle ; unlefs we may fuppofb that mere 
water diffolves other metals as well as iron : And this with 
what has preceded, will perhaps account for the diiFercnt powers 
of the machine in different ftates of the air ; and for its general 
failure in the pcrfedion to he expe6lcd from the foregoing 
theory *. 

The 

* The lower plate of the pifton was made of iron ; and w^tcr or moift vapour 
will difiblve or dccompofe iron ; by which folution inflammable air is always emitted : 
wither this might have taken place in the prefcnt inibnce I know not, nor whe- 
ther mere mQifture in the air, free from any acid, could a£k on th^ brafs a« on iro% 
when aflifted by fri6iion, or could difpofe the oil or ointment to a<ft on it, and to 
produce by a kind of calcination any decompofition of either the oil, or metal or 
water : what is ceruin is, that air i& generated in greater quantity by fome fuch de- 
compofition in damp weather, than it is when the air is dry, and thiaf both in fummer 
and winter. We are told that iron," without heat, and zinc, charcoal and oils, with 
heat, will decompofe water, and fcparatc inflammable air. Gould the frtelion of the 
pifton produce the rcquifite heat ? we arc alfo told that if water were decompofed 
into its conftitucnt parts, viz. inflammable air and dephlogifticated air, this latter is 
or contains an acid principle, which, when uncombincd with any other fubftance, 
would aft on moft metals ; and fo the damp air loaded wjth moift;ure only, and n'^t 
yrith any adventitious acid in the atmofphere, m^y be conceived to produce effeQs 
difiirent from thofe of dry air. The paflage of the eleftric matter however, in the 
atmofphere, will convert a part of the air into nitrous acid, which diflfblves moft 
metals •, may not this abound more in the air in moift weather ; moifture in the air 
being generally, if not always, the efl^eft or confcquence of electricity ? and may not 
this be the caufe of the rufting of metals by damp air, and of the above-mentioned 
cflR:^ in the pump-barrel ? This I believe to be the cafe, becaufe I found that in 
certain ftates of the air, much aqueous vapour ws introduced by it into the rcc*" 
without generating any confiderable quantity of fluid which was permanently elafti<q, 
and becaufe the difpofition of iron, &c. to ruft is not always the fame when the 
moitture and tempeiature of the air is the fame. 
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The difficuky is, to account for the non-produ«aipn of air in 
the fccond qafe abpve-mcntioned, ^nd for its apparent extinc- 
tion in the third. As tp the former, there was indeed then 
al;mpft np ^ir nor huinidity in the barrel, and it was fcparated 
from whatever might be in the little rccr 5 and though there 
was oil, yet I foupd by the ointment put upon the cocks, which 
was ever moft and foonefl turned green in colpur near the 
du<a5 and outer edges where the ^ir had accefs to it, than in 
the pther parts, where it had not, that air was necelTary to 
make the oil ad on the metal; (nay, perhaps it is not the acid 
in the oil, but in the air, which is the folventj) whence in 
this cafe, as there was no air in the barrel, fo there was no 
fuch adion on the brafs of it. As to the phaenomena in the 
third cafe, in which I evidently perceived a diminution of air, 
though I cannot explain it, being ignorant of the chymical ana- 
lyfis of elaftic fluids, and of thofe combinations of airs, which 
oqqafion fuch diminution, and what might be the efFed of the 
fridion of the pifton in this cafp, from which refulted all the 
ph^snomena ; yet what I have ftatcd will^ as I think, authorize 
me to fay, that the perfcdion qf the air-pump docs not depend 
only on its mccbanifm, but ^Ifo on the materials pf which it 
is made, and that thofe materials are the beft, on which the 
oleaginous and aerial acid has leaft ^dion. Accordingly the 
pewter-metal pump, which I firft made, thqugh inferior in the 
fizc of the barrel, which was a great difad vantage, yet performed 

better 
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better than the brafs one here defcribedi until I added to the 
latter the circulating-pipe, which gave it the fuperiority : but 
pewter, though beft to refift the adion of the oil, being too 
foft ; the barrel, if made of brafs, fliould be tinned in the in- 
fide, in the manner before defcribed, which will fomewhat im- 
prove it (and perhaps fubftantial gilding would be ftill better :) 
but if one were made of glafs, and enclofed in a metal cafe 
with cement; I think it could be eafiljr ground and poliftied, 
and a pifton previoufly formed to fit it, in a metal hollow cy- 
linder or ring of equal bore : fuch a pifton, having its top and 
bottom platens tinned in the common manner, would I believe 
conftitute* a better pump than any ever yet made, and procure 
more credit to the theory here laid down. 

In that theory I have affumed, that the degree of rarefac- 
tion, which can be efFc£led, will depend on that which the 
pump is capable of making under the pifton, without regard to 
the fize of the rec"^ ; and as this is not at all the cafe with 
refpc€l to air admitted in the working, from the pump's being 
leaky, which it ever is in a greater or lefl^er degree ; and an 
objedion may therefore arife from the confideration that on 
opening the communication between the cyF and rec' at every 
ftroke, any unextradedair under the pifton, and any otherwife 
intruded, will be together difFufed in the reC and cyl' ; from 
whence it may feem, no difference of effed could arife from 

thefe 
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thefe, which differ only in the manner of admiflion: to illuf- 
tratc this, and to enable the eocperimenter as well as the artift, 
to determine whether his pump is imperfed from its ftrudure 
or from accident; and how far it ought to be fo from either 
caufe ; it is neceffary, though I have (reludantly) been fa 
diffufe in this account already, to flate the following parti- 
culars: 

If air be conftantly and uniformly admitted into the rec' 
from this or the machine's not being air-tight, the degree of 
rarefadion produced by its final adion, will depend on the 
proportion between the capacities of the rec"" and cyF*, for 
there will always be a refiduum as air is always intruding, and 
in addition to former refiduums, will be the air admitted in 
each fucceffive ftroke : in this cafe, the lefs the rcc' is, the 
more pcrfed will be thie vacuum formed *• Suppofe the rec^ 
and cyr to be equal, and the vacuum made in the latter per fe 
pcrfed; then half the admitted air will be at length pumped 
out at every ftroke let the quantity admitted be what it will ; 

for 

♦ Hence it is not the faircft trial of a pump, to ufe a wry fmalt rec% or to 
cxhauft the gagc-tubc inftead of a rec^ ; and it would be the more fallacious, if the 
refiduum of air under the pifton, might be variable in different ftrokes, from the de- 
fe£tive and uncertain performance of valves or of any thing of valve-like ftruOure j 
for as one ftroke with a large cyl^ will nearly exhauft a tube ; fo a lucky ftroke or two 
among many, in which the valves perform their office, will ftiew a rarefaftion, whichi 
might not be produced, where many were requifitc to exhauft a larger rec^ 
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for inftance, if in the time of each ftrdfce, k cubic inch of 
air intrudes, iind the contents of the rec' and cyl' be fifty 
cubic inches each ; then the refiduum in the rec' after the 
ftrft ftroke, would be 4 an inch ; to which would be added 
one cubic inch next admitted ; and by the fubfequent ftroke, 
half the furti of thefe would be extraAcd ; i. e. the half of 
I J inches (or ^ of an inch) which the next addition would 
encreafe to if : fo that fuppofing the rec^ at firft empty, yet 
fome would accumulate in every ftroke, tititil the refiduum 
would be equal to that intruding during oht ftroke, viz. until 
both wotild be equal to two inches; after which oftc inch 
would intrude, and one be extraded at every ftroke : lb thftt 
the air in the rec' could never be rarefied beyond fifty time&, 
nor finally lefs than to that degree. 

And if the cyV were twice as large as the rec" with its 
du(Ss ; the rcc' remaining as before ; and the fame quantity 
(one cubic inch) admitted at each ftroke ; then almoft ^ of 
this would be drawn into the cyP by the laft ftroke, and ^ 
remain in the rec% when the pifton was raifed to the top ; fo 
that now the greateft rarefa<5lion would be doubled, and equal 
to one hundred, which, when the rec' and cyl' were €?qual 
was fifty. 

A^b univerfally, zs the capacity of the cyV is to that of 
the rec', fo is the whole intruded air during one firoke^ to the 

laft 
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hft refidual air ; fo that the lefs the recr is^ the Icfs will be 
the refiduum, and confequcntly the greater the rarefaSion : but 
this is after the pump has exhaufted as much as it can ; for 
in every ftroke from the commencement to the end, the air 
in the rcc% whether left in it, or intruded, (or its denfity 
which is the fame thing) is to that which remains in it after 
any ftroke (or its then denfity) as the ipace into which it is 
diffufed on the elevation of the pifton, i. e. the aggregate or 
fum of the capacities of the rec** and cj\\ is to the primitive 
fpace in which it was confined, i. e. to the capacity of the 
rec'* alone : In which analogy, each of the confequents, divided 
by its rcfpedive antecedent, muft give the fame quotient, or 
ratio, and vice verfa ; and fuch quotients muft be in every 
Jiroke conjant quantities, becaufe the two laft terms of the ana- 
logy arc fuch: but the refidual air after any ftroke is the pri- 
mitive air with refpedl to the fubfequent ftroke, hence if the 
firft refidual be ^ of the primitive air, the fecond will be 
the 4 of ^ (i. e. i) and the third, ^ of i of ^ (i. e. \) of the 
primitive air ; and any refidual will be the laft term of a 
geometrical progreffion, the N^. of whofe terms is the N^. of 
ftrokes; each term being fo often involved or multiplied into 
itfelf : if the firft term be as here, the quotient of the rec' 
divided by the fum of the capacities of the rec^ and cylr, it 
will exprefs what fra(5lional part of the primitive air the next 
refidual is ; and the progreflion or feries will be fradions and 
decreafing; and if the firft term of the feries be the quotient 
Vol. VI. 3 A of 
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of the aggregate, of the recr and cylr divided by the recr, 
this quotient will be a whole or mixed No. cxpreffing the 
No. of times the primitive air contains the reiidual, i. e. ei:- 
preffing the rarefa<5tion ; and it will be the common term of 
a feries reciprocal of the former one and encreajing ; the value 
of correfponding terms in each, being equally above and below 
unity. This is the common theorem; for determining the rare- 
fadion after any No. of ftrokes * ; but it fuppofes a perfecfl 

vacuum 



* By thi§ theorem two things will eafily be found, which the experimenter muft 
know, viz. what is the rarefaction which ought to be produced by any N' of flrokes^ 
and, and what N^ of ftrokes are requifite to produce a certain degree of rarefaction ; 
(for I have found that if the pump does not effeCl: this in a very few more ftrokes 
than the theory requires, it will generally be loft labour to continue to work it, unlefs 
in dry weather or a dry room, one has hopes of- pumping moifture out of the rec*^). 
Both particulars may be bcft found by the afcending feries ; viz. by multiplying the 
quotient, of the fum of the contents of the rec' and cyk (in cubical inches) divided 
by that of the rec*^ (which will be a whole or mixed Nr, the fractional part of which 
latter, is to be reduced to a decimal) continually into itfelf, as many times as there 
are ftrokes, and throwing away from every produCt all the decimal figures to the 
right hand, except two or three, which will occafion no material error, and much 
abridge the work ; which is alfo farther abridged by multiplying any power, fo 
produced, by itfelf, or by any other power thus before found ; for the produft thus 
arifing, will be that power whofe exponent is the fum of thofe fo multiplied ; as the 
cube or third power drawn into itfelf produces the fixth power ; or drawn into the 
fifth power, produces the eighth power ; and fo in any other. Thus the rarefaCtion 
produced by any Nr of ftrokes will be found, being exprclTcd by that produft or 
power, whofe exponent is the N^ of ftrokes ; and it will alfo be feen in the procefs, 
what N** of ftrokes ihould produce any given degree of rarefaftion; which may 
alfo be found by the converfc of this procefs, viz. by dividwg any greater power 
found, by any leflcr, for the quotient will be that power whofe exponent is the 

d'tfferenci 
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vacuum to be made under the elevated pifton, and that no 
external air intrudes ; fo that when either of thefe takes place, 

the 

dvfferenct of their exponents. But when the xtc^ is large, and many ftrokes will be 
rcquifitc to cxhauft it ; the operator who muft calculate what (hould be the power of 
his machine, may avail himfelf of the help provided for him by the noble inventor 
of the table of logarithms : for as in thefe the fum or diifference of any two logar* 
is the log™ of the prbdudi or quotient of the correfponding natural N'» j and that 
the produdl or quotient of a log™ (multiplied or divided by any Nr) is the log*" oiF that 
power or root of the correfponding natural N*", whofe exponent is the multiplicator 
or divifor of the log® : fo whatever is efiefted by multiplication, divifion, involution 
or evolution of natural N", may be performed by addition, fubtraftion, multiplica- 
tion and divilibn of their log*. And thus the quotient above-mentioned may be found 
by fuhtraBlng the log"* of the reef from that of the aggregate of the rec** and cylr, 
and then multiplying the remainder by the N^ of ftrokes of the pifton ; for the pto- 
du£k will b6 the log" of that Nr whieh cxpreflcs the rarefaftion ; alfo to find what Nr 
of ftrokes will produce any required rarefaftion ; take the log"* of the Nr cxpreffing 
this rarefaftion ; it is plain from what has been faid, that this log*" muft belong to 
that natural N^, which is fuch a power of the aforefaid quotient as would be pro- 
duced by the fame N^ of involutions, as there ihould be ftrokes of the pifton em- 
ployed to produce the rarefaftion ; and that if* this log™ were evolved as many timei 
as we muft fuppofe its root to have been involved \ that root would fee found which 
belongs to the original quotient by whofe involution it was produced ; and that if the 
log™ of the power be divided by the log"* of the root, the quotient will be (from the 
nature of log"*^) the N^" exprefling how often it had been involved : there is nothing 
then to be done fince we know the log"* of the above-mentioned quotient, which 
is the root, but to divide by it the log"* of the defigned rarcfaftion, and the quo- 
tient will be the Nr of ftrokes of the pifton required. 

I infert this and many other things for the eafe of thofe who may be more con- 
vcrfant in experimental chemiftry than calculation, and to enable fuch (without 
recurring to other books) to fubjeft the air-pump to a rigorous trial ; thefe will alfo 
be the perfons moft likely to make the beft ufe of this machine^ on which account, 

3 A 2 and 
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the unextra^ed and intruded air, muft be in every ftroke added 
to the refidual air in the rec% as a conflaat quantity j which 

will 



and to- prevent the fault of the artifl from being attributed to the ftruaurc of the 
inllrument, I {hall alfo beg leave to add what follows : 

The quantity of air in meafure, that may in any length of time have forced an 
entrance into the rec*, may be found, and the jufl allowance made for it in the de- 
fc£l of the pump's performance, by dating, as the height of the merc^ in the ftand- 
ard baromr, is to its afcent or defccnt in the reduced or ftandard barom"" gages, in 
a given time, fuppofe fix hours, fo is the whole content of the rec«" and its du6^s, 
to the part thereof which would be filled in fix hours with the intruded air, if re- 
duced to the dcnfity of atmofpheric aii. Alfo, to know what allowance is to be 
made for fuch inttufion in the defe£live altitude of the merc^ in the gages, ftate^ 
as fix hours, is to the time in which one ftroke is made (fuppofe half a minute) fo 
is the afcent or dcfcent of the merc'^ in the reduced and ftandard barom'"-gages, 
in {\x hours; to the afcent and defcent which ought to be occafioned by the air 
intruded, in the time of one ftroke ; then the afcent and defccnt thus found, being 
diminiftied or increafed according to the ratio of the rcc«" to the cyl^, and deduced 
from and added to the altitude of the mere' in thefe different g^^ges, any remain- 
ing difference between that altitude, and what cxifts at the time in the moft per- 
fc^ly filled ftandard or reduced baromr^ is to be attributed to t lie imperfeftion of 
the machine. 

If the altitude of the barom^-gage, be referred to that of a ftandard-barom"" filled 
with merc^ not boiled in the tube, though it were otherwife poured hot into it, 
the tube itfelf being hot, and carfully purged of air by moving an air-bubble through 
it, the merci^ and tube being perfeSly clean, yet the altitucfe of the merc^ in 
fuch a ftandard-barm*^ muft be fuppofcd to be lefs than it would be if the tube 
were perfe6lly filled, by at Icaft -r^-^th parts of an inch ; bccaufe as this air- 
pump never failed in a favourable ftate of the air, to raifc the merc^ in the gage 
thus much higher than it ftood in a ftandard-barom'' filled (feveral times) in the 
above manner 5 it is plain this latter will be always irapcrfedly filled and the 
height of the mere' in it dcucient, by the above quantity, and I found tliat it 

would 
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will varioufly alter every term in thefe feries, and produce 
other feries, the terms of which will continually apprcximatc 

to 

would be ftill more deficient if the mercy were poured cold into the tube. Now 
fuppoGng the altitude of the merc^ in the ftandard to be thirty inches, -rii^ths of 
an inch is the 1 200th part of the whole j and if the merc^^ in the gage be as high, 
as that in the ftandard, the rarefaftion is only 1200; and that in the ordinary Torri- 
cellian tube, is, I believe, never greater, but moft commonly lefs than this ; though 
from there being no air bubble apparent at the top of fuch a tube, when on inclining 
it the merc^ afcends, one might imagine that no elaftic fluid refted above the raer^ : 
for if the tube be filled cold, there will be moifture within it, wliich will be con- 
denfed into fmall invifible particles by the preflure of the atmofphere when the tube 
is inclined, but will expand again in elaftic vapour, depreffing the merc^, when by 
placing the tube vertical, that prefTure is removed : and when the tube is filled hot,, 
and fo has no moifture in it, an air-bubble will in the fame circumftances be vifible. 
This I found however to be partly difcharged, and the merc^ to ftand higher in it, 
by inclining the tube while in the ciftern (after it had ftood perpendicular and the 
merc^ had funk to the natural altitude) until it had afcended to the top, and taking 
it full out of the ciftern, by clofing its end while immerfed in it, with my finger, 
then having fhaken out a drop of merc^ to allow an air-bubble to be once moved 
through it, this brought up with it moft part of the air which had been collefted in 
one bubble at the top j after which reftoring the drop which had been taken out, and 
immerging it again in the ciftern, the merc^ ftood in it higher than before, and I 
believe from this management it would always do fo. This was done in the prefence 
of Doftor Young, who from his well-known zeal for the advancement of fciencc, 
was plcafed to be prefent at a trial of the pump*s performance ; at which time it fo 
far cxhaufted a rec^' as to raife the merc^ in the barom^-gage, near ^th of an inch 
higher than it ftood at the higheft, in the barom^-tubc here mentioned, of equal bore 
with that of the gage, and ftanding parallel and perpendicular together in the fame 
ciftern. 

If there be in the recr no moifture nor vapour expanfible only in vacuo, the pear- 
gage (as I have always found) will correfpond with both the baromr-gages ; and- 
when the rarefadlion is near 4000, the eye cannot diftinguifti the difference be* 

twcen 
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to fuch numerical part or multiple of the fum of the furrep- 
titious and unextraded air during one ftroke, as is cxprefled 

in 

twcen the height of the mercy in the latter and that in the moft pcrfeft (landard- 
barom'' ; bccaufc the difference in their aUitudes is not the hundredth part of an 
inch ; fo that greater degrees of rarefaftion can be known only by the pear-gage ; 
which fhould therefore be ufed ; and it fhould be of a proper form and accurately 
graduated. It is a glafs-veflel in (hape fomewhat like a pear or rather an hydro- 
meter, with a bulb, of a (ize to contain between four and fix ounces of mercJ^, 
terminating on either fide in a tube : that below the bulb (about an inch in length) 
is open 5 the upper part or ftem (about five or fix inches long) is fealed hermetically 
at top ; the internal diameter of one half of the length of the ftem next the bulb, 
Ibould be about ^-th of an inch, and the cavity exaftly cylindrical, as likewife muft 
be that of the upper half ; but this latter fhould be as narrow in the bore as a middle- 
fized mercurial thermometer, viz. about ^th of an inch in diameter: if the ftem 
were of the fame dimenfions throughout, it could not, unlefs made inconveniently 
long, mcafure both fmall and great degrees of rarefaftion : it is eafily made of the 
above form, by blowing a bulb on a piece of glafs-tube, about -J^th of an inch in 
diameter ; then drawing out the upper part of it (by the glafs-blower*s lamp) into 
a flender tube, and fealing its end : or rather by adding to the tube a piece of a 
thermometer tube. The ftem is faftcned in a brafs pipe or cafe, having a wide 
flit along its whole length, through which the mere' in the ftem is feen, and the 
degrees are marked on the cafe. During the exhauftion, the gage is fufpended 
by a flip-wire with its open end over a ciftern of mcrc^ within the rec, fo that 
the air in it is as much rarefied as that in the reC; and when the pump has 
been wrought as much as is thought proper, the end of the gage is immerged in 
the merc^, which on the gradual readmiflion of the air, will be forced up into the 
gage, and fill the bulb ; all the air which had been left in the gage, rifing to the 
top, and being reduced nearly to the denfity of the external air j which it would be 
cxaftly, if the gage were placed not vertical, but horizontal. Then, as the whole 
cavity of the gage, is to the part at the top filled only with air ; fo is the primi- 
tive air which was in the gage, and alfo in the rccr, to the laft refiduum in each 
refpeftivcly, or fo is the rarcfa£tion produced 5 hence, the ratio of the whole con- 
tent 
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in the defccnding feries by the ratio of the rec^ to the cylr, 
or the quotient o£ the former divided by the latter j and in 

the 



tent of the gage to that of any part of the ftem, muft be known, and it is thus 
found : 

Let the whole of the narrow part only of the ftem be filled with mercy, and 
this carefully fliaken out again, and weighed by the niceft balance ; let the fame be 
again filled together with the wider part of the ftem, as far as it is cylindrical, 
and the contents weighed as before ; then let the whole veffel be quite filled, and the 
weight of the merc^ it holds be found: fince the capacity of the whole gage is to 
that of the ftem, or any part of it, as the quantities or the weights of mercy each 
contains; and the content of each half of the ftem is thus known, and the ratio of 
the fame to the whole, and fince each half of the ftem is in itfclf cylindrical, equal 
parts of the Ungtk of each feparate fegment, will be equal portions of the conteni 
of that fegment . i. e. the contents are as the lengths ; but the contents, and there- 
fore the lengths, will be inverfely as the rarefa6lion, when the refidual air in the 
gage is contained within them ; fo that if the whole length be graduated from 
the upper end to the lower in any N' of equal divifions, and the rarefaction be known, 
when the mercy ftands at the loweft divifion or greateft N^ (which rarefaction 
is expreflcd by the quotient of the weight of the mercy filling the whole gage, di- 
vided by that contained in the whole fegment) then, as the whole N' of divifions, 
is to that correfponding rarefadion, fo is inverfely any other lefier Nr of divifions, 
to the rarefaftion, when the mercy will iland at fuch divifion. This method muft 
be taken to graduate each half of the ftem feparately, as they arc of different dia- 
meters ; but in eftimating the length of the wider half, as the content of the nar- 
rower half muft be added to it, io the wider part mufl be computed to be fo much 
longer than it is, as the addition of the content of the narrower part would make 
it, if this were reduced to the fame diameter as that of the wider part. 

But if the ftem were to be thus graduated by an arbitrary Nr of divifions marked 
on it, the rarefaftion anfwering to each of them would be expreffed by odd or 
broken N^« unfit for meafuring it; and it would be difficult, when the mercy ftands 
not at any divifion, but between two, to find what may be nearly the rarefaction 

in 
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the afcending feries by the reciprocal of the fame, or by the 
ratio of the cyU to the rec^ For the air intruded, &c. at each 

ftroke, 

tlrat experiment ; it is therefore iieceflary to graduate the ftem by a decimal divifion, 
cxprefling the rarefaftion or refidual air by looths or loooths •, which may be thus 
done : 

Let, as above, the weight of the whole content of the gage be divided by that of 
the whole content of that fegment of the ftem, which is to be graduated ; the quo- 
tient will exprefs the rarefaftion when the mercy ftands at the loweft divifion or end 
of the fegment ; then fay, as that quotient or rarefaftion, is to the whole length of 
the fegment, meafured by and expreiTed in equal parts, fuppofc hundredth parts of 
an inch • fo is inverfely the decimal, centefimal, or millefimal N*" neareft to and above 
the faid quotient, to the Nr of hundredth parts of an inch (to be meafured from the 
top of the ^fegment) at which the (loweft) divifion fliould be marked on it, anfwer- 
ing to fuch decimal, centefimal, &c. N*" expreffing the rarefaction, when the mercy 
will ftand at that divifion : and as the faid quotient (of the weight of the content 
of the whole gage, by that of the whole fegment) to the faid length of the fegment ; 
fo is the fecond decimal, centefimal or millefimal N*" inverfely, the fecond divifion 
to be mariccd ; and fo on until the whole is graduated. 

Example. Let the weight of the mercy contained^ in the narrower or upper feg- 
ment, be two grains, and that in the whole gage be 1970 grains (which were the 
tncafuresof my gage) : the quotient of the latter divided by the former is 9855 fo 
that when the mere) ftood at the loweft divifion, the rarefa£lion was 985 ; the neareft 
millefimal N^ to which is 1000 : alfo the length from the top of the ftem which two 
grains weight of mercy filled, was 141 hundredth parts of an inch : as therefore 985 
is to 141, fo is inverfely 1000 to 138, 88 hundredth parts of an inch; which is 
the length from the top of the ftem, at which the divifion ftiould be made, where 
the mercy, when ftationary, would ihew a rarefaftion of 1000. In like manner as 
985 : 141 ; : inverfely 2000 : 69, 44 hundredth parts of an inch, the length from 
the top, at which the divifion- anfwering to a rarefaftion of 2000 (hould be made j 
which will be half the former length: and thus may the reft of the fegment be 

graduated 
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ftroke, being the fame, its quantity muft at length be diredly 
as the rec^ ; and the quantity remaining after each ftroke, as 
the capacity of the rec' to that of the cyl' ; confequently the 
rarefadion the reciprocal of this. 

Hence appears the mifchief of leaving any air under the 
depreffed pifton ; for the whole of it muji pafs into the rec 
at every ftroke ; and if the rccr be fmall, the. greater will be 
its denfity there ; but if the rec' be large, there muft be more 
ftrokcs to exhauft it, and fo more additions to the refidual 
air in it; alfo lefs of it can be pumped out again: however, 
though no air were left under the pifton, yet if air intruded 
from the machine's being leaky, its power in extrading fuch 
furreptitious air, would not at all correfpond with the fame 
in extracting the primitive air in the rec'; for with rcfpedl 
to this latter, the greateft rarefacflion in the cyl- itfelf is given. 
Vol. VI. 3 B and 

graduated; firft, cither by a contintial bife£lion of the divifions towards the top 
(which will be always one extremity of the interval bifefted) for fuch bifeftion, as 
It halves each length of the fegment, muft double the rarefaction correfponding to 
the lower extremity of the portion bife6ted, thefe portions being inverfely as their 
correfponding rarefaftions ; and fo the leaft rarefaction (of looo) would be conti- 
nually doubled ; or, fecondly, according to the above-mentioned analogy, by dividing 
the product of the leaft rarefaftion, multiplied by the length of the fegment (viz, 
in the above cafe of 985 by 141; or of 1000^ by 138,88, which is the fame) by 
any greater Ni^s expreffing fuch rarefaction as one would chufe to mark on the 
fcale; for inftance, by 1500, 2500, &c. : then the quotients will be the lengths 
from the top, at which thefe rarefaCtions fhould be marked. The lower or wider 
fegment of the ftem is to be feparately graduated in the very fame manner. 



[ 378 ] 

and fo likewife muft be ultimately that in die recr, kt its capacity 
be what it may. In this machine/ the air under the pifton 
being conveyed away by the circulating-pipe, before the com- 
munication of the cyl*" with the rec"" is opened, it cannot get 
into the rec"^, and the rarefadlion in the cyl' being as it were 
indefinitely great, equal as above-mentioned to 176000, that 
in the rec" may be indefinitely encreafed within this limit ; 
whereas the intruded and unextradled air under the pifton 
(were there any) would get into the rec', and the part of 
it which could be pumped out, would depend on the pro- 
portion between the cyl' and rec'^, juft as in the cafe of air 
admitted through leaks in the machine. 

It is not therefore here pretended, that the rarefadlion could 
be carried to an unlimited degree, even on the principles of 
the pump's mcchanifm ; and yet perhaps it may be prcfumed 
that, even on thefe, its conftruiflion is fuperior even to that of 
Mr. Cuthbcrtfon, the only one which pretends to a power of 
indefinite exhauftion: and as it is only from a belief of 
this, that the machine here defcribed is publifhed, fo I may 
be permitted to obferve^ (having had no opportunity of afcer- 
taining by trial the excellence of his, though I believe it is 
excellent ; nor of feeing any defcription of it, but that in the 
Encyclopaedia Britannica, juft publifhed here) that I conceive 
its perfedion muft depend on the fuppofcd circumftance of 

no 
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no air beiag ever admitted into the barrel through the valve 
or through the perforation in the pifton : for if when the 
valve is open, difcharging the air pumped out, and the ex- 
ternal air is then prefEng on the pifton with its whole weight, 
any of it fhould force its way throiigh the pifton-, the reC^ 
is then open towards the barrel, and it muft pafs in an in- 
calculable quantity into the reC^. Now the pifton in his pump 
has the dud: through it opened at every ftroke, and it is 
clofcd again by a conical ftopple, fupplying the place of a 
cock, and made air-tight only by oil ; which ftopple being 
faftened clofe in the pifton only by the force with which, 
the pifton is raifed, arifing from fridlion, this force or pref- 
fure (unlefs the pifton moves more ftiffly than one lubricated 
with abundance of oil, may be fuppofed to do) may fome- 
times be infufficient to make the ftopple firm in its focket, 
until it is gradually prefled by air condenfed above it, and 
until the valve opens, and the external air refts on the pifton ; 
fo that if the pifton be not perfedly air-faft, fome of it muft 
get through into the rec' ; and though the fridlion of the 
pifton fliould be always fo great as to prevent this happening, 
yet if any fmall particle of dirt fhould have got between the 
ftopple and its cavity, it would remain impaded there, and be 
likely to render the dud permeable to air: it fcems therefore 
too delicate a circumftance, to reft the performance of the 
machine on, that this dud enclofed within the barrel, and 
opened at every ftroke, ihould, at once, be fo clofely fliut 

3 S 2 again. 
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5igain, as never to admit air; alfo the bafe of the ftopplc muft 
be broad, that it may be eafily difengaged from its cavity 
which enlarges the furface or joint that is to be made im- 
pervious to air ; this ftopple is in reality a kind of valve, refting 
on the extent of its whole- ^conical furface as a bafe, and it 
was before obferved how diiHcult it is to make a valve air- 
tight, when the fmalleft folid particle of duft, &c. will prevent 
the contacfl of the fur faces though ever fo extenfive, and that 
the danger of this encrcafes with the enlargement of the fur- 
face ; and that were it not from this natural imperfe(5lion of 
valves, Mr. Smeaton's air-pump ought to be inferior to none ; 
its mode of a6lion being precifely the fame as that of Mr. 
Cuthbertfon, except that in the latter, metallic valves or Hop- 
ples are fubftituted for the flexible valves in the former : 
whereas the excellence of a ftop-cock is, that the furfaces of 
the key and fhell are ntvtv feparated : no dirt can get between 
them, nor oil be blown away j but ftifF ointment may be ap- 
plied inftead of oil, to make them air-faft : to the ftop-cock 
therefore, and the unperforatated pifton, I attribute the excel- 
lence of the pump here defcribed above others conflituted on 
the like principle ; for in it, though air fhould get in through 
the upper valve, &c- it cannot get into the rec*^ ; whereas in 
the others, if air infinuates through the pifton, it muft do fo ; 
and if to prevent this, in Mr. Cuthbertibn's machine, it were 
provided to have a pool of oil above the pifton, I imagine 

it 
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U would not be a perfcd remedy, even though I were mif- 
taken in the apprehenfion that fuch abundance of oil, would 
generate a greater quantity of factitious air : for when the 
valve or dudi in the pifton is open, the oil muft defcend 
through it with all the impurities that may be in it 5 and if 
the oil above the upper valve can defcend into the barrel, the 
impurities in it will be added, which if they adhered to the 
ftopple or valve in the pifton, would be likely to occafion its 
admitting air; alfo the oil being thus churned in the barrel, 
would perhaps entangle air, efpecially when vifcid, as it will 
become by corroding the brafs. In this pump, it is not ne- 
ceflary to ufe oil, efpecially if the barrel be made of pewter ; 
for then the hog's-lard or ointment ufed will not lofe its lu- 
bricity; in fa(5t fluid oil is inadmiflible, for it would certainly 
render the cock, though formed and ground with care (how 
much more then a valve ?) not air-tight ; the air forcing a 
paflage even through the oil within the joint, if this be not 
very clofe, which in a cock whofe key is in continual mo- 
tion cannot always be ; nor is this hard to conceive ; for where 
ever a column of mcrc^ as high as that in the barom', refling 
over a joint or chafm, could force a paiTage, the air will do 
the fame, and perhaps more powerfully. 

It will appear then that there is no kind of limitation in 
the pump here defcribcd, which is not in any other ; for in 

the 
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the others, whatever air is left above the pifton undifcharged, 
or enters by the valves in the pifion or top of the pump, is 
diffufed in the cyl' under the pifton (fuppofe it could not get 
into the rec') ; and the pifton being put down, whatever cavi- 
ties arc under it, have the fame quantity of it rcfting there, 
when the rec' is opened, as in this pump; and if air infinu- 
ates by the perforated pifton, it is an inconvenience from which 
this is fecure ; alfo it condenfes with a fingle barrel, and with- 
out any additional parts, which none other can do. It might 
be conttrucSed with two barrels, and the two cocks might be 
turned together by one handle, in a manner well known and 
in ufe i but in this form, it would neither be convenient nor 
portable ; however in the form here defcribed, the fingle barrel 
may be made fo large, as to exhauft as faft as two of ufual 
fize ; and it is eafy to conceive from the theory, that the large- 
nefs of the barrel is every way an advantage, for the cavities 
under the pifton need not be proportionably enlarged. 

As it is fcarely poflible to prevent the intrufion of fome 
air while the pump is working, and as the quantity fo in- 
truded, will be proportional to the time of exhaufting, which 
time would be injudicioufly lengthened, if the paufe at each 
ftroke were made longer than is neceflTary for the air to pafs 
from the rec^ to the cyl'^ until its denfity is the fame in both 
in any degree of the rarefadion ^ it would be a defirable 

thing 
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thing to know whether the air pafles into the cyl^ with a 
velocity variable according to its denlity, and in what ratio. 
The time of xhc air's pafl^ge cannot be difcovercd by the mo- 
tion of the mercy in the gage; for when the air is much ra- 
refied, this motion during one ftroke, is fo little as to be im- 
perceptible, and when it is greater, the merc^ vibrates fo much 
in the tube, and undulates fo long, after the air is pafFed into 
th^ barrel, that the term of its pafTage cannot be difcovered: 
it muft be found by reafoning on phyfical principles ; and the 
enquiry is to be profccutcd on thefe data or affumptions, that 
the meafures of the reci^, duiSV and cyl^ are invariable quanti- 
ties ; and that in the cyl^ there is a perfe<fl vacuum, into which 
the air in the rec' is to expand itfelf, after the pifton is raifcd 
to the top. 

The conftru(5lion of this machine was primarily undertaken 
with a view to difcover whether the Aurora Borealis is an 
ele£lrical phsenomenon ; whether we could in large exhaufted 
veffels exhibit its genuine appearance ; what muft be the ra- 
rity of the air in which it is vifible, and the heights in the 
atniofphcre, wherein it exifts, and within which it is (if at all) 
confined, &c. Thefe enquiries however I did not prdfecute; 
yet the reader will not I hope be difpleafcd at my extend- 
ing this long paper ftill farther by an account of the follow- 
ing experiments relative to them, though they are inconclufive ; 
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cfpccialljr, as from the diflBculty of making a perfecS vacuum 
in the ftandard-barom% and of comparing the altitude of the 
merc^ which ought to be in it, with that in the gage, I found 
the exhibition of the genuine Aurora Borealis, the moft cer- 
tain mark of great rarefadion, as not requiring a comparifoa 
of the barom" and pear- gages. 

I CONNECTED With the rec*^ (which was ufed in the fore- 
going trials of the pump's eidiaufting power, and whofe capa- 
city was 122 cubic inches) by means of a brafs box fixed on 
the top of it, one end of a glafs-tube twenty-one inches long 
and f of an inch in diameter, furnifhed at one end with a 
brafs cap terminating in an open pipe, which was infertcd la- 
terally into the box of the rec^: the other end of the tube 
was clofcd fometimes with a plate of brafs cemented on it^ 
and at other times with a glafs plate ; both which afforded 
the fame appearances. The tube was extended horizontally, 
being fupported at the end remote from the rec^ by a glafs - 
pillar ; and it was exhaufted with tha rec^ ; during the procefs 
of which, I applied to the tube in the dark, an elcdlrificd 
glafs-tube, which produced the following appearances in re* 
peated trials. 

The tube fliewed no eledricity from prefenting to it the 
excited tube, until the rarefadlion was about looj then there 
appeared within it dcnfe and bright corufcations, but they 

were 
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"Were interrupted, not extending the whole length of the tube, 
neither would they appear when the excited tube was pre- 
fented to the end, but when to the middle only of the ex- 
haufted one; and it was remarkable, that corufcations exactly 
refembling the above, in their form, &c. except that they ap- 
peared when the excited tube touched any part of the other 
one, and that they were io faint as to be fcarce vifiblc in a 
room made quite dark, firft began to appear, when the rare- 
facflion, as fhewn by the pear-gage, was 4000 : the ftandard- 
barom^ above-mentioned being, at the fame time, at 30,1^ 
and the baromr gage at 30,12. When the rarefadion was 
carried beyond this, fo as to raife the merc^ in the barom^- 
gage, a little higher in feveral trials, and to advance that 
Ihewn by the pear-gage fometimes up to 26000, the appear- 
ances were the fame, but the gleams of light ftill fainter; 
they were a colourlefs pale white ; the corufcations, which 
were fcarce vifible, feemed conical pointed, waving or ftreaked^ 
and did not extend the whole length of the tube, exhibiting 
the moft perfedl refemblance of the thin pale coloured Aurora 
Borealis. 

In the intermediate degrees of rarefacflion, between 100, and 
4000 (indicated as above by the gages^ the phenomena were 
as follows: 

At 300, the prefentation of the excited tube near to the 

exhaufted one, firft occafioned continued flafhes in it, filling 
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its whole length ; but this only when prefented to the middle, 
not the ends, this latter firft occurred when the rarefadlion 
was greater ; and then at every approach and receiHon of the 
excited tube, without frefh excitation, even for fifty times to- 
gether, and with fcarce any diminution of brightnefs to the 
laft, or fign of decay until I ceafed to prefent it, fuch flalhes 
were produced ; they filled the whole tube, but that they were 
brighter and of fmaller diameter at the middle of its length j 
they were alfo not only denfer but of a more yellow colour, than 
the faint corufcations before defcribed ; but the moft diftindlive 
difference between both thefe kinds, and indicating the great 
degree of rarefadlion neceffary for the exhibition of the former 
was, that when they appeared, the excited tube produced no 
light at all in the other, except at the firft prefentation and 
aEtual contaB with it: from which I concluded (too ftupidly 
and haftily) that the eledricity of the former was completely 
difcharged, and that the more perfedl vacuum, was a more 
perfedl conductor of elecflricity, even more fo than metals: 
but though I am yet of opinion that the fadl was fo, yet it 
may, for ought I know, be poflible, that the tube produced no 
light after the firft prefentation, not becaufe it was quite dif- 
charged, but becaufe its eledricity, leflened by the firft dif- 
charge, would not pafs nor be conduced by the more perfedl 
vacuum in the other tube j or, if it burns, deftroys, or changes 
into nitrous acid the air which conduits it, what remained 

in 
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in the tube, &c, may by the firft cxplofion have been £0 con- 
fumecL 

But whether this or the contrary be the fadl, the experi- 
ments have fatisfied me, that the Aurora Eorealis is an eledt- 
rical phasnomenon ; that, (at leaft when it is faint and of a 
pale colour) it cannot appear in air lefs rarefied than near 
4000 times * ; and confequently that its neareft diftance from 
the earth is about forty- five miles (according to Docflor Halley's 
table of the air's rarefa(ftion at different altitudes) ; that in air 
rarefied more than 26000 times, it would not be vifible, and 
therefore its greateft diftance is about fifty miles, (by the fame 
table) : I am notwithft-anding fenfible it may be lefs or greater : 
it may be le/s, for though my pear-gage fliewed that degree 
of rarefacflion, I pretend not to fay what the rarefacflion really 
was ; it might be fix times lefs ; but it could not, I think, 
be known by any gage, what it was, as I am perfuaded, that 
the difference of altitude between my barorai'-gage, and that 
of the moft perfe(5l barom^, would at that time be impercep- 
tible to the eye : it may be greater^ for a quantity or (Iratuiii 
of eledlric matter \ of an inch in thickncfs, as in my tube, 
may be invifible, when one of the fame denfity, but many 

3 C 2 miles 

* Perhaps becaufc denfer air, affording too much refi fiance to its pafla;^e, i. e, 
being a worfe condudlor, it takes a circuit by the rarer air in the higher regions, 
fxQin the place where it is pofitive to that where negative. 
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miles in thicfcncfi^ as in the atmofj^re, may be ,<JiViitc lumi- 
nous, though the light from it be diminiflied by the diflance 
from the eye. The light was fainter in every degree of the 
rarefaction, when there was moifture in the tube, from my 
having put a little bit of wet leather in the rec^ (which hQW- 
ever was dried in the exhauftion ;) and this inclines me ta 
think, that it is air burnt and exploded in its paflage which 
makes the eledric matter vifible ; and that were there no air^ 
if it could pafs at all, it would not be luminous : for though 
we were to fuppofe, that the ele<5lric matter would be ren- 
dered luminous by niere watery vapour without any air; yet 
I imagine the extreme cold, in very elevated regions of the 
atmofphcre, would freeze this vapour, as it does near the earthy 
and condenfe it into icicles, deftroying its elafticityj fo that 
it could not afcend, by its expanfive force, beyond that height^ 
in which there would ftill be air, thoiigh of great tenuity : 
if thefe things be fb, the Aurora Borealis is confined within 
our atmofphere. 

N. B. The pear-gage with its metal cafe and wire, being 
within the rec' prevented me from kno^ying what would be the 
appearance of the elecflric matter in pafling through it* 

I HAD not an ele<flrical machine mounted ; fo could not in 
thefe experiments try the effecSl of continual elcdrific^tion, and 
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it has not been in my power to repeat them: if it had I 
would not take the liberty to offer them to the public fo im- 
perfect ; they ,are prefented as hints to diredt the enquiries of 
others, who are fo circumftanced as to be able to profecutc 
them, and alfo as fuggefting perhaps the bcft teft of tha 
pneumatic engine's exhaufting power. 



